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Theoretical energy levels of the n = 1 and n = 2 states of hydrogenlike atoms with the nuclear charge num¬ 
bers 1 < Z < 110 are tabulated. The tabulation is based on ab initio quantum electrodynamical calculations 
performed to all orders in the nuclear binding strength parameter Za, where a is the fine structure constant. 

Theoretical errors due to various effects are critically examined and estimated. 


I. INTRODUCTION 

Hydrogen is the simplest atom, with the nucleus surrounded 
by a single electron. A hydrogenlike atom is a bound system 
isoelectronic with hydrogen, consisting of any atomic nucleus 
and an electron. Except for the hydrogen itself, hydrogenlike 
atoms carry a positive charge \e\{Z — 1), where e is the elec¬ 
tron charge and Z is the nuclear charge number of the atom. 
Examples of hydrogenlike atoms are He+, Li^+, 

The simplicity of hydrogenlike atoms makes them an ideal 
testing ground for extending the theory based on the princi¬ 
ples of quantum electrodynamics (QED) up to the utmost pre¬ 
cision |l2l. The creation of the modern QED goes back to 
the late 1940s, when Lamb and Retherford discovered the 2s- 
2pi/2 splitting in hydrogen, which is now known as the Lamb 
shift. The first calculation of the Lamb shift was performed 
by Hans Bethe |01 who used Kramer’s idea of the mass renor¬ 
malization. The rigorous formalism of QED was developed 
by Dyson, Eeynman, Schwinger and Tomonaga, who proved 
that all infinities in the theory can be removed by the so-called 
renormalization procedure. 

All calculations in QED are based on the perturbation 
expansion in powers of the fine structure constant a sa 
1/137.036. The individual terms of the perturbation series can 
be conveniently represented in terms of the so-called Eeynman 
diagrams, with the power of a corresponding to the number of 
virtual-photon exchanges. 

Before the 1970s, investigations of QED effects in atomic 
systems were mainly focused on low-Z atoms such as hydro¬ 
gen and helium. In these systems, in addition to the expansion 
parameter a, there is another small parameter Za, which char¬ 
acterizes the strength of the nuclear binding field. Because of 
this, most early calculations of QED effects were based on the 
expansion in both a and Za. Such calculations produced ac¬ 
curate results for hydrogen and a few light atoms but provided 
little or no information about QED effects in high-Z ions, in 
which the parameter Za approaches unity. 

In 1974 R J. Mohr reported his pioneering calculations of 
the electron self-energy to all orders in the parameter Za 
Hi. These calculations, together with their extension to the 
n = 2 states several years later li, have greatly increased the 
theoretical accuracy of the Lamb shift in hydrogenlike ions. 
The results of these studies were used as a basis of the com¬ 
pilations by Mohr |i and by Johnson and Soff H, which for 


many years remained the standard references on hydrogenlike 
ions. 

During the decades following the compilation by Johnson 
and Soff, many calculations of various effects contributing to 
the Lamb shift of hydrogenlike atoms were performed. Most 
notably, the vacuum-polarization was calculated to all orders 
in Za in Refs. Hi, the nuclear size correction to the self¬ 
energy was obtained in Ref. ifl^ . the nuclear recoil correction 
was evaluated to the first order in m/M but to all orders in 
Za in Ref. 0111, t he nuclear polarization correction was ob¬ 
tained in Ref. 111^ . the two-loop self-energy was calculated 
to all orders in Za in Refs, lo [f^ . Alongside with the 
above mentioned nonperturbative calculations, the hydrogen 
theory was developed further within the Za-expansion ap¬ 
proach. The most notable achievements were the calculation 
of the c? iZa)^ two-loop contribution MM and the calcu¬ 
lations of the two-loop corrections to order o? (Za) 

Theoretical advances of the last decades were comple¬ 
mented by the experimental progress in high-precision spec¬ 
troscopy of highly charged ions 1^ . Modern experiments 
access hydrogenlike ions along the whole Periodic Table up 
to uranium and study the strong-nuclear-field regime of the 
bound-state QED. Measurements of the ground-state Lamb 
shift in the hydrogenlike uranium have rapidly progressed 
during last years, achieving the accuracy of 4.6 eV M, 
which corresponds to the fractional error of 1 % of the Lamb 
shift. Eurther advance is anticipated in these experiments, 
which will make them sensitive to the nonperturbative two- 
loop QED effects. 

The goal of the present work is to summarize theoretical 
developments of the last decades and to compile an up-to-date 
tabulation of the energy levels of the n = 1 and n = 2 states 
of hydrogenlike atoms with the nuclear charges 1 < Z < 110. 


II. THEORY 

The total energy of a hydrogenlike atom is a sum of the rest 
mass of the atom and the electron binding energy i?bind, 

E = Me?' + TTK? + Zbind , (1) 

where M is the nuclear mass, m is the electron mass, and c is 
the speed of light. 
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The dominant part of the electron binding energy of a 
hydrogenlike atom can be calculated analytically. Several 
closed-form analytical results are well-known, namely: (i) the 
Dirac equation for the point-nucleus Coulomb potential can 
be solved exactly to all orders in Za, (ii) the nonrelativistic 
two-body problem for the point particles can be solved for ar¬ 
bitrary masses M and m, (iii) the recoil correction within the 
Breit approximation can be obtained analytically to first order 
in m/M but to all orders in Za. It is natural to separate out 
these analytical contributions to the binding energy, with the 
rest being called as the Lamb shift. So, we write the electron 
binding energy of a hydrogenlike atom as 


^'bind — Ed + Em + L'L , (2) 


where Ed is the Dirac point-nucleus biding energy, Em is the 
leading nuclear mass (recoil) correction, and Ed is the Lamb 
shift. 

The Dirac point-nucleus binding energy Ed is given by 


Ed = mc^ 



where 


N = ^{ur + 7)2 -b {Zay , 
7 = \JK?- - (Za)^ , 


(3) 


(4) 

(5) 


rir = n — Ik I is the radial quantum number, n is the princi¬ 
pal quantum number, and k is the angular momentum-parity 
quantum number. 

The leading recoil correction Em is written as 
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where + Ejj and = mM/{m + M) is the 

reduced mass of the electron. Em consists of two parts. The 
first part is the first-order (in m/M) recoil correction as de¬ 
rived from the Breit equation 0^ . whereas the second part 
is the nonrelativistic reduced-mass correction of second and 
higher orders in m/M. 

Ed is the remaining part of Eq. (|2]i, which is the defini¬ 
tion of the Lamb shift adopted in the present work. We note 
that the separation (|2]i is not unique and different definitions 
of the Lamb shift can be found in the literature. In the high- 
Z region, the recoil effect is a small correction, so it is often 
included into the Lamb shift flUl. For low-Z ions, how¬ 
ever, the nuclear recoil is a large effect, so its leading part is 
usually separated out. In the theory of hydrogen it is com¬ 
mon ll^ to define Em in a slightly different way, which is 
based on the result derived from the modified Dirac equation 
jm. The difference with the present definition is very small 
and is noticeable for the case of hydrogen and He+ only. We 
prefer to define Em in the form of Eq. (|6]l since it does not 
contain any contributions of order {m/M)‘^{Za)‘^ (having in 


mind that the full correction to this order depends on the nu¬ 
clear spin) or any terms of higher orders that are not known at 
present. We also note a small difference of definitions of the 
Lamb shift in the present compilation and in the tabulation by 
Johnson and Soff which is of no importance at the level 
of accuracy of Ref 


A. Lamb shift 

1. One-loop QED correction 

The dominant contribution to the Lamb shift comes from 
the one-loop QED effects, namely, the electron self-energy 
and the vacuum-polarization. 

The one-loop self-energy correction for the point nuclear 
charge is represented as 


o / mr \ a (Za) 

^^SE,pnt = (-)-3—-FsE.pnt(^a) , (7) 

V TO / TT 

where 

-FsE,pnt(-^a) = LAm A40 {Za) A^q 

-\-{Za)'^ Ac,2L Aq\G' s,Fj,4>nt{Za) , 

( 8 ) 

L = In [{m/mr){Za)~‘^], and GsE.pnt(^a) = Ago -f ... is 
the remainder that contains all higher-order expansion terms 
in Za. 

The first coefficients Ay of the Za expansion are well 
known (see Ref. Ei and earlier papers cited therein). 


441 — g (^i,o 1 (9) 

.1 4 10 - m/mr e. , 

A4„ = - J lnfc„(„, 0 + -g- «,,o - (1 - «i.o), 


. / 139 , 

450 = ( — 2 ln2 ) IT Sifi , 

402 = —^LO ! 


( 10 ) 

( 11 ) 

( 12 ) 


where In kg {n, 1) is the Bethe logarithm, whose numerical val¬ 
ues for the states of the present interest are El 


lnA:o(ls) = 2.984128 556, 
lnA:o(2s) = 2.811769 893, 
lnfco(2p) = -0.030 016 709. 


(13) 

(14) 

(15) 


The numerical values of the Agi coefficient for the n = 1 and 
n = 2 states are (see Ref. E5] for analytical formulas) 


A6i(1s) = 5.419373 685, 
A6i(2s) = 5.930118 296, 
46i(2pi/2) = 0.572 222 222, 
461 (2p3/2) = 0.322 222 222 . 


(16) 

(17) 

(18) 
(19) 
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The higher-order remainder GsE,pnt is obtained from nu¬ 
merical computations performed to all orders in Za. First 
accurate numerical calculations of the electron self-energy 
were performed by P. J. Mohr for the point nuclear charge 
and ions with Z > 10 for the Is state in Refs. Il, 0] and 
for the n = 2 states in Ref. i]. Updated results with im¬ 
proved precision were reported for Z > 5 and n = 1 and 
n = 2 in Ref. 1^ . Accurate nonperturbative calculations 
of the electron self-energy for the lightest hydrogenlike atoms 
with Z < 5 were presented by Jentschura, Mohr and Soff 
in Refs. [^ . Different methods for the nonpertubative 
calculation of the self-energy correction were developed in 
Refs. iHHH. 

In the present compilation, we used the numerical results 
from Ref. for Z < 5 and from Ref. for 5 < Z < 10. 
For Z = 15, 20, 25, 26, 30, 35, 36, 40, 45, 50, 54, 55, 60, 65, 
66, 70, 75, 79, 80, 82,83, 85, 90, 92, 95, 100, 105, and 110 
we used the numerical results from Ref. ll^ . For other Z, 
we performed our own calculations by the method described 
in Refs. Individual calculations were carried out for 

each value of Z, so that no loss of precision due to interpola¬ 
tion occurred. Our results were checked to be fully consistent 
with those of Ref. within the estimated numerical errors. 

The vacuum-polarization is the QED shift of the energy 
levels due to production of a virtual e+e” pair. The domi¬ 
nant part of the one- loop vacuum polarization is known as the 
Uehling correction 11^ . The Uehling approximation treats 
the virtual e“''e“ pair as freely propagating, i.e., undisturbed 
by the nuclear field. This treatment takes into account the vir¬ 
tual e“''e“ pair to the leading order in the coupling constant 
Za. The remaining part of the one-loop vacuum-polarization 
is referred to as the Wichmann-Kroll correction S. The 
Wichmann-Kroll potential contains all higher-order terms in 
Za, ^ (Za)"^ with n > 3. According to the Furry theorem, 
there are no contributions ^ (Za)” with even powers of n. 

The one-loop Uehling vacuum-polarization correction for 
the point nuclear charge is represented as 

o /m^\3 a (Za)^ 

Gueh.pnt = (-j-^— Fueh.pnt (^a) , (20) 

\ m / TT 


where 


Fueh,pnt(^Ct) 


4 5 

- Y5 "bo + 

+ {ZaY Gueh,pnt(-^Q!) , 


( 21 ) 



FIG. 1: Two-loop QED corrections. The double line represents the 
electron propagating in the binding nuclear field; the wavy line de¬ 
notes the virtual photon. 


Unlike the Uehling contribution, a direct calculation of the 
Wichmann-Kroll correction is a non-trivial task. First calcu¬ 
lations of this correction to all orders in Za were reported 
by Soff and Mohr for the shell model of the nuclear charge 
distribution |@1 and by Manakov and co-workers for the point 
nuclear charge |@] . Accurate calculations of the Wichmann- 
Kroll correction were later performed also by other groups 
iddl - l^ . Recently, the problem of calculating the Wichmann- 
Kroll correction for the point nuclear charge was greatly sim¬ 
plified by the high-precision approximation formulas reported 
by Manakov and Nekipelov 1144 |4^ . These formulas are 
based on the analytical expansions of Whittaker functions and 
approximate the exact point-nucleus Wichmann-Kroll poten¬ 
tial with a relative accuracy of 10“® or better for nuclear 
charges Z < 100. Since this precision is fully sufficient in the 
context of the present compilation, we used the formulas from 
Ref. H to calculate the Wichmann-Kroll correction for the 
point nuclear charge. The results obtained in this way are in 
agreement with the direct calculations of the Wichmann-Kroll 
correction for the point nuclear charge iHH]. 


2. Two-loop QED correction 


and Gueh.pnt is the higher-order remainder. The calculation 
of Gueh.pnt IS quite straightforward and can be performed up 
to arbitrary accuracy. The results listed in the present compi¬ 
lation are obtained by our own calculations; they fully agree 
with other values published previously in the literature, e.g., 
in Ref. fl. 

The one-loop Wichmann-Kroll vacuum-polarization cor¬ 
rection for the point nuclear charge is parameterized as 


The two-loop QED correction is parameterized as 

n /a\'^ (Za)'^ 

Eqeb 2 = mc^ [—) [ —) -3— FQEB 2 {Za), (23) 

Vto/Vtt/ rr^ 

where EQED 2 ( 2 ^a) is a slowly-varying dimensionless func¬ 
tion of Za. The Za-expansion of the function Fqed 2 is given 
by m 

FQEU 2 {Za) = B 40 -F (Za) B^q -F (Za)^ [Bq 3 

-F i?62 -F Bqi L -F GQED 2 {Za)\ , (24) 
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TABLE I: Coefficients of the Za expansion of the two-loop corrections. 




B 40 

B 50 

Bes 

Bq2 

Bei 

Is 

SESE 

1.409244 

-24.26506(13) 

-8/27 

-0.639669 

48.388913 


SEVP 

0.142043 

1.305370 

0 

8/45 

1.111406 


VPVP 

-164/162 

1.405241 

0 

0 

-1097/2025 

2s 

SESE 

1.409244 

-24.26506(13) 

-8/27 

0.461403 

40.932915 


SEVP 

0.142043 

1.305370 

0 

8/45 

0.670977 


VPVP 

-164/162 

1.405241 

0 

0 

-1097/2025 

2pi/2 

SESE 

0.114722 (m/m^) 

0 

0 

1/9 

0.202220 


SEVP 

—0.005229 {m/rrir) 

0 

0 

0 

-2/45 


VPVP 

0 

0 

0 

0 

0 

2P3/2 

SESE 

-0.057361 (m/mr) 

0 

0 

1/9 

-0.047780 


SEVP 

0.002615 (mfmr) 

0 

0 

0 

-2/45 


VPVP 

0 

0 

0 

0 

0 


where Gqed2 {Za) = Bqq + ... is the remainder that contains 
all higher-order expansion terms in Za. 

The two-loop QED correction is represented by the set of 
Feynman diagrams shown in Fig. [T] In the present compila¬ 
tion we divide the two-loop QFD correction into three parts; 
the two-loop self-energy correction F^sese (diagrams in Fig.[T] 
a-c), the two-loop vacuum-polarization correction F'vpvp (di¬ 
agrams in Fig.[T]g-i), and the mixed self-energy and vacuum- 
polarization correction F'sevp (diagrams in Fig.[T]d, e, f, and 
k), 

£’qed2 = F^sese + F^sevp + F^vpvp • (25) 

Coefficients of the Za expansion of the individual two-loop 
corrections for the states under consideration are summarized 
in Table m for details see Refs. iflTUl^ and references to the 
earlier works therein. 

The two-loop self-energy correction was calculated to all 
orders in Za in Refs. lfl4 IttI - IsiI] for the Is state and in 
Refs, if^ IHl] for the n = 2 states. Numerical all-order re¬ 
sults are available for Z > 10 for the Is state and for Z > 60 
for the n = 2 states. An extrapolation of all-order numerical 
values towards Z = 1 was presented in Ref. if^ for the Is 
state, in marginal agreement with the Za expansion results 

M- 

Numerical values of the SFSF correction in the present 
compilation were obtained as follows. For the Is state and 
Z > 10, we interpolate the numerical values of the higher- 
order remainder Gsese extracted from all-order results of 
Refs. SIMIII. For the Is state and Z < 10, we ex¬ 
trapolate the higher-order remainder Gsese as described in 
Ref. lH^. In the case of hydrogen, the value of the higher- 
order remainder and its uncertainty are consistent with the re¬ 
sults of Ref. if^ . For the 2s state, we divide the higher-order 
remainder Gsese (2s) into two parts, 

Gsese(2s) = Gsese(Is) -I- [Gsese(2s) — Gsese(Is)] . 

The difference Gsese(2s) — Gsese (Is) is obtained by inter¬ 
polating the numerical results 11^ combined with the Z = 0 


limiting value Bqo{‘2s) — i?6o(ls) = 14.1(4) |[l^ . For the 
2pj states and Z > 60, the compilation results are obtained 
by interpolating the numerical data for the higher-order re¬ 
mainder ll^ . For the 2pj states and Z < 60, we interpolate 
the numerical results combined with the Z = 0 limiting value 

Beo{2p) = -2.2(3) 10 . 

Nonperturbative (in Za) calculations of the two-loop 
vacuum-polarization correction and the mixed self-energy and 
vacuum-polarization correction were performed in Refs. 10- 
113] and later extended in Ref. llssll . These calculations are 
not fully completed yet since several diagrams (specifically, 
those in Fig.[T]i and k) are computed within the free-loop ap¬ 
proximation (see Ref. ifs^ for details). The uncertainty due 
to this approximation induces the largest theoretical error in 
the Lamb shift (which competes with the error induced by the 
uncertainty of the nuclear charge radii). 

In the present compilation, the numerical results for the 
SEVP and VPVP corrections are taken from Ref. 0 ). In 
order to reduce the uncertainty of interpolation, we subtracted 
from the all-order results of Ref. lls^ the known terms of the 
Za-expansion (i24l i and interpolated the higher-order remain¬ 
ders, Gsevp(^Q;) Gvpvp(-^Q!). 

The uncertainty of the SEVP correction comes from the un¬ 
calculated effects of relative order (Za)®+ beyond the free- 
loop approximation. In order to estimate this uncertainty for 
the s states, we take the contribution of order (Za)®+ in the 
free-loop approximation, multiply it by 1.69, which is the ra¬ 
tio of the (Za)® terms beyond the free-loop approximation 
and within this approximation, and by the conservative factor 
of 1.5. For the p states, the (Za)® contribution is zero, so we 
estimate the uncertainty as the absolute value of the (Za)®+ 
contribution in the free-loop approximation multiplied by the 
conservative factor of 1.5. 

For the VPVP correction, we estimate the uncertainty by 
the absolute value of the (free-loop approximation) contribu¬ 
tion of the diagrams in Fig. [Hh and i) multiplied by a fac¬ 
tor of (Za)^. We note that the diagram Fig. [TJh) was cal¬ 
culated beyond the free-loop approximation for uranium and 
lead in Ref. . The additional correction found in that work 
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is rather small; its value is consistent with our definition of 
uncertainty. 


3. Higher-order QED corrections 

We now collect the remaining higher-order QED correc¬ 
tions. Their contribution to the Lamb shift is very small and 
relevant for the very low-Z ions only. Because of this, we 
include these corrections in our tabulation for Z < 10 only. 

The three-loop QED correction is known to its leading or¬ 
der in the Za expansion, 


Eqed 3 = tnt? 



{ZaY 


C 40 : 


(26) 


where the coefficient C 40 has the following numerical values 
for the states of the present interest (see Ref. and refer¬ 
ences in there). 


G 4 P (ns) 

= 0.417504, 

(27) 

G4o(?T-Pi/2) 

= -0.393747, 

(28) 

C4o{np3/2) 

= 0.196874. 

(29) 


Eollowing Ref. ll24l] . we assign the uncertainty of 30Za i5 /0 in 
units of C 40 to this correction. 

The vacuum-polarization induced by the I 4 ~ virtual 
pairs is given by ifl^l^ 




/ m a (Za)^ 
\m^) TT 



(30) 


The hadronic vacuum-polarization correction is of the same 
order as the muonic vacuum polarization lHH, 


Ehadvp = 0.671 (15) E^vp . (31) 


4. Nuclear size correction to the Dirac energy 


The finite nuclear size (ENS) correction to the Dirac energy 
is parameterized in terms of the dimensionless function Gfns 
as I 


7?fns = me 


2 


\ m / \ n%c 


27 


(Za)^ 


■ GFNs{Za, R) 


(32) 


where i?sph = i/S/S R is the radius of the sphere with the 
root-mean-square (rms) radius i?, 7 = s/lZrjZodY, and Ac 
is the Compton wavelength divided by 27r. The power of the 
leading Z dependence is K = 2 for ns states and K = A for 
np states. 

A numerical calculation of GFNs(^ck, R) is quite straight¬ 
forward for most ions. In the present tabulations we use re¬ 
sults of our own calculations. They were performed by solv¬ 
ing the Dirac equation with two independent methods, the one 
based on the Dual Kinetic Balance approach and the other 


based on the RADIAL package Comparison of the re¬ 
sults obtained by these two methods was used as a check of 
numerical accuracy. Eor low-Z ions, the ENS contribution 
becomes very small, and the calculations are complicated by 
large numerical cancellations. In order to overcome this prob¬ 
lem, we implemented the Dual Kinetic Balance method in the 
quadruple (32-digit) arithmetics, which allowed us to perform 
accurate numerical determination of the ENS corrections for 
all ions including hydrogen. Numerical values obtained in this 
way were checked against the results obtained by analytical 
formulas from Ref. 116^ . 

In our calculations, we used three models of the nuclear 
charge distribution. The two-parameter Eermi model is given 
by 


PFer(r) = —-^^ , (33) 

1 -f exp[(r - ro)/aJ 

where tq and a are the parameters of the Eermi distribution, 
and Nq is the normalization factor. The parameter a was fixed 
by the standard choice of a = 2.3/ (4 ln3) ~ 0.52 fm. Eor a 
given value of the rms radius R, the parameter rp was deter¬ 
mined by the formula 

2 ^ 2 "^22 /-!A\ 

rp = -i? - TT . (34) 

Though this formula is approximate, for the purposes of the 
present work it was sufficient to determine the parameter rp 
just from this formula. 

The homogeneously charged sphere distribution of the nu¬ 
clear charge is given by 

psph(r) = ^^^3 6>(i7sph - r) , (35) 

where 6 is the Heaviside step function. The Gauss distribution 
of the nuclear charge reads 

/ 3 / 3 j -2\ 

Eor all ions with Z > 10 except uranium, we performed 
calculations of the ENS correction with the Eermi model of 
the nuclear charge distribution, and estimated the model de¬ 
pendence by taking the difference of these results and the ones 
obtained with the homogeneously charged sphere model, as 
suggested in Ref. llfiSll . Eor uranium, we used the results from 
Ref. which were obtained with a more realistic nuclear 
model. Eor Z < 10, the Eermi model of the nuclear charge 
distribution is no longer adequate, so we used the Gauss model 
instead and estimated the model dependence by taking the dif¬ 
ference of those results and the ones obtained with the homo¬ 
geneously charged sphere model. Eor hydrogen, our numeri¬ 
cal values are consistent with the results of Ref. ll^ based on 
the Za expansion approach. 

Eor some ions, parameters of the nuclear charge distribu¬ 
tion are known with a high accuracy, and so the inclusion of 
the effect of the nuclear shape (deformation) makes sense. Eor 
most nuclei the nuclear deformation correction is small; we 
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estimate it to be within the model dependence error evalu¬ 
ated as described above. The nuclear deformation effect is 
explicitly taken into account only for as calculated in 

Ref. For this ion, we include the nuclear deformation 

correction of —0.14 eV, —0.026 eV, and —0.003 eV for the 
Is, 2s, and 2pi/2 states, correspondingly. The uncertainty of 
the FNS correction for taken from Ref. S. 


5. Nuclear size corrections to QED ejfects 

The finite nuclear size effect on the one-loop QED correc¬ 
tions is parameterized as 1431 


Ot 

i^QEDl.tns = £^FNs(’^V 20 ~ GQEDl,tns(-Z’a, R) , (37) 

TT 

where '^he FNS correction (l32l i for the state with 

the quantum numbers n, j, and I and GqEDi.fas is a slowly 
varying function of Za and R. Note that the value of j in 
T^ens in the right-hand-side of Eq. dTTl i is fixed by j = 1/2. 
This means that for the np 3/2 reference state, Eq. (iJTl i has 
the ENS correction for the npi /2 state, £’fns(?^Pi/ 2 )j as sug¬ 
gested in Ref. m. 

Three one-loop QED corrections given by Eqs. O, (l20l), 
and (I 22 I 1 induce, correspondingly, three finite nuclear size con¬ 
tributions. 


^'QEDl.tns — ^isE.fns + ^'Ueh.tns + fi'wK.fns • (38) 

Eirst calculations of the ENS effect on the self-energy and 
vacuum-polarization were performed, correspondingly, in 
Refs. iflCT and for the hollow-shell model of the nuclear 
charge distribution. Calculations for more realistic nuclear 
models were later performed in other studies, notably, in 
Refs. iHlli. 

In the present compilation we obtain the ENS correc¬ 
tion to the electron self-energy by interpolating the results 
for Gsf fns for the Eermi nuclear charge distribution from 
Ref. 114^ . In several cases we performed additional calcu¬ 
lations by the same method in order to reduce interpolation 
errors. Estimating the uncertainty due to the model depen¬ 
dence of this correction, we accounted only for the leading 
error coming from the prefactor AEp-Msin^/'^l) in Eq. dJTl) . 

The finite nuclear size correction to the one-loop Uehling 
contribution is relatively simple and can be calculated with a 
very high accuracy ll43l] . In the present compilation we list the 
results of our own calculations of this correction for the Eermi 
nuclear charge distribution. 

The finite nuclear size correction to the one-loop 
Wichmann-Kroll contribution was obtained by interpolating 
the results for the function GwK.fas for the Eermi nuclear 
charge distribution from Ref. 


6. Nuclear mass (recoil) corrections 

The leading nuclear mass (recoil) contribution is separated 
out from the Lamb shift as the Em correction in Eq. (I2]i. Apart 


from Em, we have already accounted for the reduced-mass 
dependence in the self-energy correction [Eq. (|7]i], vacuum- 
polarization correction [Eqs. ( i20l i and (i22l i1. the two-loop 
QED correction [Eq. (12^ 1. and the finite nuclear size correc¬ 
tion [Eq. (I 32 I 1 I. In this section we summarize the remaining 
recoil contributions. 

Ths first-order (in m/M) recoil correction is represented 
as 

o m (Za)^ 

-Grec = -- —P{Za), (39) 

M Ttrf^ 


where 


P{Za) = \n(Za)-^DM 

+ (Za) Dqo + {Zaf Grec {Za ), (40) 


D^o 
^2 , 


and GnEc{Za) is the higher-order remainder containing all 
higher orders in Za. The coefficients of the Za expansion 
are (see Ref. ll^ and references therein) 


D 51 — 
D 50 = 


fmr\^ 1 
51 = I — I o "fo , 

V m / 3 


/rriry 
V m / 


-- lnfco(n,/) -f ^50 


Dqo = ( 41n2 — - j TT 61^0 


3- 


/(/ + !) 


27r(l - 6ifi) 


2 J (4^2 - l)(2Z-f 3) 


where the values of dz,o{n, 1) for the states of interest are 


d5o(ls) 

^50(2s) 
d5o{‘^P) 


= Ill„2 

_ IW 
7 

“ ~18 ■ 


y ’ 


(41) 

(42) 

(43) 

(44) 

(45) 

(46) 


The higher-order remainder GB.Ec{Za) is extracted from 
the numerical all-order calculations. The results listed in 
the present tabulations are obtained for Z > 5 by interpo¬ 
lating the higher-order remainder inferred from the all-order 
results taken from Refs. IHlIbi for the Is, 2 s and 2 pi /2 
states and from Ref. iFtoI] for the 2p^/2 state. Eor Z <= 5, 
there is a small inconsistency in the numerical all-order re¬ 
sults and the analytical result for the II 72 coef¬ 

ficient "Mlm Because of this, the numerical values listed 
in the tabulation for Z <= 5 were obtained by the polyno¬ 
mial extrapolation of the all-order results for G^Ec{Za) with 
Z > 5. A conservative uncertainty was assigned to these val¬ 
ues, which preserves consistency with the result obtained for 
hydrogen in Ref. iItiI] . 

The finite nuclear size correction to the recoil effect 
F^rec: F NS w as calculated within some approximation in 
Refs. 11^174rTSn . In the present compilation, we include this 
correction for Z > 10. Eor the Is and 2s states, we interpo¬ 
late the numerical results from Refs. after removing 
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the reduced-mass contribution, which is already taken into ac¬ 
count in Eq. ( l32l i. The uncertainty ascribed to this contribution 
comprises the numerical and the interpolation errors as well as 
the error of the approximation. The latter error was evaluated 
for the s states by taking the relative deviation of the exact 
results for the low-order recoil par t S from the results of 
the approximate treatment 11^ 1^ . For the 2pi/2 state, we 
include only the low-order part of the correction, as obtained 
in Ref. 117^ . The uncertainty was estimated by multiplying 
^REc(2pi/2) with the ratio i?REC,FNs(2s)/£’REc(2s)- For 
the 2 p 3/2 state, we assume the correction to be zero and esti¬ 
mate the uncertainty analogously to that for the 2 pi /2 state. 

The radiative recoil correction is given by (see Ref. 
and references therein) 


F^rrec = mC 


2 m 0 i{ZaY‘ 


M 
SStt^ 
36 


5i 


,0 


6C(3) -27r2 In 2 


448 2 2(y \-2 

— + -Tr{Za)\n (Za) 


(47) 


where (is the Riemann zeta function. Following Ref. we 
ascribe to this correction an uncertainty of 10{Za) ln(ZQ;)“^ 
relative to the square brackets in the above equation. Because 
of the smallness of the radiative recoil, it is included into the 
compilation only for Z < 10. 

Relativistic recoil correction of order [Za)'^(m/M)"^ de¬ 
pends on the nuclear spin and is known for nuclei with spin 
/ = 0, 1/2, and 1 dzi. 


g factor We obtain it by the following approximate rela¬ 
tion 


Fnp ~ mc^ ^ Sgjqp , (50) 

where E^p is the nuclear polarization correction to the Famb 
shift and bpNP is the nuclear polarization correction to the 
g factor. Relation (fSOl l can be easily obtained by using the 
generalized virial relations for any spherically-symmetric 
perturbation potential with a sufficiently short range. We as¬ 
cribe a numerical uncertainty of 50% to all above mentioned 
results for the nuclear polarization. 

For the ions for which no calculations of the nuclear po¬ 
larization correction were performed, we use the following 
conservative estimate 

ENP^-j^Epm, (51) 

where i?FNS is the finite nuclear-size correction. We ascribe 
the uncertainty of 100% to this estimation. 

The nuclear self-energy correction is a tiny contribution rel¬ 
evant only for hydrogen IM . 


F^nse = mc ^ 



4Z{Za)^ 


X 


In 


M 


m(Za)^ 


In ko(n, 1) 


(52) 


Following Ref. ll^ . we estimate the uncertainty of this cor¬ 
rection as 0.5 in the square brackets in the above formula. 


TTi' 

-C/1 


(4) 

REC,2 



(Za)^ 

2v? 


3 

2n 


2 

21 + 1 


+ ^i,0 <^7,1/2 


(48) 


The last term in the square brackets in the above expression 
is nonzero only for states with I = 0 and the nuclear spin 
I = 1/2. The correction 2 very small and relevant 

only for hydrogen and He+. 

The relativistic recoil correction of order (Za)^(m/M)^ is 
extremely small and relevant for hydrogen only. It is given by 

im 


p(5) 

4^REC,2 


= mc^ 


(Za)^ 

m M 

0 2 Si 0 

— In-1 

\M J TtrA 

M m 


(49) 


7. Nuclear polarization and self-energy 

The nuclear polarization correction has been calculated in 
the literature for selected ions only. We take the numerical 
results for Z = 1 from Ref. for Z = 2 from Ref. if?^ . 
for Z = 82 and 92 from Ref. l79l] . and for Z = 90, 94, 96, 
and 98 from Refs. lUllsoll^. 

For Z = 36, 44, 48, 60, 64, 66, 70, 78, and 80, the nu¬ 
clear polarization correction to the Famb shift can be deduced 
from the calculations of this correction for the bound-electron 


III. TABULATIONS 

The following values of fundamental constants were used 
in the present compilation ll24l] : 

= 137.035 999 074(44), (53) 

TO = 5.485 799 0946 (22) x 10“'‘ a.m.u. (54) 

The Table Hn lists the individual contributions to the Lamb 
shift of H-like ions. The contributions are presented in terms 
of the function F{Za) defined as 

E = mc^- F{Za). (55) 

TT 

For each element, an isotope is selected (in most cases, the 
most abundant one), for which the nuclear parameters were 
taken. The nuclear masses were taken from the Ame2012 
compilation Jsst]. In order to convert the atomic excess mass 
Ma.sx tabulated in that work to the mass of the nucleus, the 
following relation was used (in atomic mass units) 

M = MA,ex + A — m Z 4- Be{Z) , (56) 

where A is the atomic mass number and Be{Z) is the total 
binding energy of all electrons in the atom. The binding en¬ 
ergy BJZ) was estimated by the approximation formula from 
Ref. il (in eV), 

B^{Z) = 14.4381 -f 1.55468 x 10"® Z^-^^ . (57) 
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After checking this equation against the Dirac-Fock calcula¬ 
tions of the total binding energy in Ref. we assigned the 
uncertainty of 2% to this formula. 

Experimental values of the root-mean-square (rms) nu¬ 
clear charge radii used in the compilation were taken from 
Ref. llssll . In the rare cases when no experimental data were 
available, we used the standard approximation formula ||3l (in 
fermi) 


i? = 0.836 0.570, (58) 


and ascribed the uncertainty of 10% to this value of R. 

The uncertainty of the finite nuclear size corrections listed 
in Tablellllis separated into two parts. The first part represents 
the estimated error due to the nuclear model dependence and 
the numerical error (if any). The second part is the uncertainty 
due to the error of the nuclear rms charge radius R, which is 
easily obtained as 


SEpyis = Efns 27 ^ j (59) 

K 


SE(fns) Einite-nuclear size correction to the electron 
self-energy, given by the first term in Eq. ( |38] |. 
The first uncertainty comprises the numerical 
error and the estimation of the model depen¬ 
dence; the second uncertainty is due to the 
error of the nuclear charge radius. 

Ueh(fns) Einite-nuclear size correction to the Uehling 
vacuum-polarization, given by the second 
term in Eq. (l38l l. The first uncertainty is 
the estimation of the model dependence; the 
second uncertainty is due to the error of the 
nuclear charge radius. 

WK(fns) Einite-nuclear size correction to the 
Wichmann-Kroll vacuum-polarization, 

given by the third term in Eq. (l38l l. The first 
uncertainty includes the numerical error and 
the estimation of the model dependence; the 
second uncertainty is due to the error of the 
nuclear charge radius. 

SESE The two-loop self-energy correction, given 
by the first term in Eq. (l25l l. The quoted 
uncertainty includes the interpolation (extrap¬ 
olation) error and the numerical error. 


where SR is the uncertainty of the radius i?, 7 = 

\/l - {Zay. 

We now describe the individual corrections listed in Tablellll 
in detail. 

SE(pnt) One-loop self-energy correction for the point 
nucleus in the nonrecoil limit. It is given 
by Eq. © with the removed reduced-mass 
dependence, rrir/rn 1. The specified 
uncertainty (if any) represents the numerical 
error of the calculation. 

Ueh(pnt) One-loop Uehling vacuum-polarization cor¬ 
rection for the point nucleus in the nonrecoil 
limit. It is given by Eq. ( l20l i with the removed 
reduced-mass dependence, mr/m 1. 

WK(pnt) One-loop Wichmann-Kroll vacuum- 
polarization correction for the point nucleus 
in the nonrecoil limit. It is given by Eq. (l22T i 
with the removed reduced-mass dependence, 

mr/m —^ 1 . 

ENS The finite nuclear size correction to the Dirac 
energy, in the nonrecoil limit. It is given by 
Eq. (l3^ with the removed reduced-mass de¬ 
pendence, mr/m 1. The first uncertainty 
represents the nuclear-model dependence of 
this correction; the second uncertainty is due 
to the error of the nuclear charge radius. 


SEVP The two-loop mixed self-energy-vacuum- 

polarization correction, given by the second 
term in Eq. (l25T l. The quoted uncertainty is the 
estimation of the uncalculated higher-order 
effects. 

VPVP The two-loop vacuum-polarization correction, 
given by the third term in Eq. (l25T l. The 
quoted uncertainty is the estimation of the 
uncalculated higher-order effects. 

RRM Relativistic reduced-mass recoil correction. 

It is given by the sum of the reduced-mass 
dependence of the one-loop self-energy 
correction [Eq. ©], the one-loop vacuum- 
polarization correction [Eqs. (l20l i and (l22l i1. 
the two-loop QED correction [Eq. (12^1. and 
the finite nuclear size [Eq. (i32l i1. 

REC Eirst-order recoil correction, Eq. (i39] l. The 
quoted uncertainty includes the interpolation 
(extrapolation) error and the numerical error. 

NUCL Nuclear polarization and nuclear self-energy 
corrections, Eqs. (f50t-(i52li. The quoted uncer¬ 
tainty is the estimation of the approximation 
error. 

REC(fns) Einite nuclear size correction to the recoil 
effect. Listed for Z > 10 only. The quoted 
uncertainty includes the numerical and inter¬ 
polation errors as well as the estimation of the 
approximation error. 
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REC(ho) Higher-order recoil correction, given by the 
sum of Eqs. ( |47] |. ( |48] |. and (|49] |. Listed for 
Z < 10 only. The quoted uncertainty is the 
estimation of the uncalculated higher-order 
effects. 

QED(ho) Higher-order QED correction, given by the 
sum of Eqs. ( |26] |. dSOl l. and (OTT i. Listed for 
Z < 10 only. The quoted uncertainty is the 
estimation of the uncalculated higher-order 
effects. 

Total The total values of the Lamb shift, given 
by the sum of all contributions. The second 
uncertainty is due to the error of the nuclear 
charge radius; the first uncertainty is the sum 
of all other errors of individual contributions, 
added quadratically. 

In Table Hn] we present the binding energies of the Is state 
and the energy level separation intervals 2s — Is, 2 pi /2 — 2s, 
and 2p3/2 — 2pi/2 for hydrogenlike atoms with 1 < Z < 
110. All energies are presented as a sum of three parts that 
correspond to the three terms in the right-hand-side of Eq. (|2|i. 

It might be instructive to compare the individual contribu¬ 
tions to the Lamb shift in the present compilation with the 
corre^onding results from the compilation by Johnson and 
Soff H as tabulated 30 years ago. Such comparison for three 
selected ions with Z = 5, 50, and 92 is shown in TablellVI Eor 
the comparison, we re-grouped the contributions from Tablellll 
in the same way as in Ref. H. 

We observe that the main change in the theoretical values 
for the total Lamb shift in medium- and high-Z region is due 
to the two-loop QED corrections, which were unknown at the 
time of the previous compilation. After the calculations id 
Hi have been carried out, both the sign and the magnitude 
of the two-loop QED contribution turned out to be different 
from what had been estimated. Another important difference 
comes from the ENS correction, which is due to changes in the 
experimental values of the nuclear charge radii. Apart from 
that, we observe good agreement with the results from Ref. ||3l 
for most of the contributions. The total theoretical accuracy of 
the Lamb shift is considerably improved (typically, by a factor 
of 5) as compared to the previous compilation. 

The results for hydrogen in Tables |II] and |III] are given 
mainly for completeness, since the hydrogen theory is criti¬ 
cally reviewed and regularly updated in the CODATA adjust¬ 
ment of fundamental constants 1^ . The theoretical values of 
the hydrogen transition energies listed in Table Hill are consis¬ 
tent with the CODATA 2010 adjustment ll^ and in agreement 
with the (much more accurate) Parching experimental result 
for the 2s — Is transition in hydrogen 11^ . The comparison 
with hydrogen experiments cannot be used as a test of theoret¬ 
ical calculations, since hydrogen spectroscopy is used for the 
determination of the Rydberg constant and the proton charge 
radius. 

In Table |V] we compare the theoretical predictions for the 
Lamb shift and transition energies in hydrogenlike ions with 


the available experimental results. 

The Lamb shift for the Is state is much larger than for 
the excited states but difficult to access in an experiment. It 
is usually determined experimentally by studying np — Is 
transitions. Since the Lamb shift forms only a small part of 
these transition energies, very precise measurements in the X- 
ray regime are required. The highest fractional accuracy so 
far was achieved in the experiment on ll^ . which has 
reached the sensitivity of 1% to the Is Lamb shift. Accurate 
measurements were reported also for other ions, notably, for 
Ar^^+ and for Ni^^+ ll^ . with the fractional errors of 
1.2% and 2.0% of the Lamb shift, correspondingly. 

The 2s Lamb shift is approximately eight times smaller 
than the Is Lamb shift, but it is easier to access experimen¬ 
tally since the 2s and the 2p levels are close in energy. The 
2 pi /2 — 2s and 2 p 3/2 — 2s transitions are accessible to laser 
spectroscopy over a wide region of Z using far-infrared to ul¬ 
traviolet lasers. A serious problem, however, is the natural 
width of the transitions that grows with Z as Z^. Because of 
this, accurate experimental results for 2p — 2s transitions are 
available mostly for low- and medium-X ions. 

One of the most accurate experiments of this kind is the 
measurement of the classical 2pi/2 — 2s Lamb shift in He+ 
which reached the sensitivity to QED effects on the level 
of 12 parts per million. Unfortunately, this measurement dis¬ 
agrees with theory by about two standard deviations. Accurate 
measurements of the 2s Lamb shift have been also reported 
for J^, 3ipi4+ 32si5-r 1^^ a preci¬ 

sion of 0.1-0.3% of the Lamb shift. 


Conclusion 

In this paper we tabulated theoretical energies and energy- 
level separations of n = 1 and n = 2 states of the hydrogen¬ 
like atoms with the nuclear charges 1 < Z < 110. A detailed 
breakdown of individual QED corrections to the Lamb shift of 
the Is, 2s, 2 pi/ 2 , and 2 p ^/2 states is provided for each atom. 

The main sources of uncertainty of the theoretical energy 
levels in hydrogenic systems are presently the two-loop QED 
corrections and the lack of detailed knowledge of the nuclear 
charge distributions. Both these problems can be addressed in 
future in theoretical and experimental studies. Principal lim¬ 
itations of the theoretical description are associated with the 
dynamical nuclear effects, such as the nuclear polarization. 
Accurate calculations of such effects would require detailed 
understanding of the nuclear structure, which is presently 
lacking. So far, however, the uncertainty due to nuclear po¬ 
larization is not the dominant source of the theoretical error 
for most of the hydrogenlike atoms. It is therefore likely that 
the precision of the theoretical description of the hydrogenlike 
systems will be improved further in the future. 
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TABLE II: Individual contributions to the Lamb shift, in units of F{Za). Z is 
the nuclear charge, ^H, “^He, ... are the isotope symbols, R is the root-mean- 
square nuclear charge radius. M/m is the ratio of the nuclear mass and the elec¬ 
tron mass. Labelling of individual contributions is explained in the text. The 
numbers in parentheses denote the uncertainty in the last figure(s). The entries 
“FNS”, “SE(fns)”, “Ue(fns)”, “WK(fns)” have two uncertainties; the first one is 
due to the model-dependence, numerical and interpolation errors, whereas the 
second one is due to the error of the nuclear charge radius. The total Lamb shift 
values have two uncertainties; the second one is due to the error of the nuclear 
charge radius, whereas the first one represents all other errors of individual con¬ 
tributions added quadratically. 




l'Sl/2 

2Si/2 

2Pl/2 

2P3/2 

z = 1 

SE(pnt) 

H , R 

= 0.8775 (51) fm. M/m 
10.316794 

= 1836.1527 

10.546825 

-0.126396 

0.123499 

Ue(pnt) 


-0.264381 

-0.264392 

-0.000003 

-0.000001 

WK(pnt) 


0.000003 

0.000003 

0. 

0. 

FNS 


0.001483 (0)(17) 

0.001483 (0)(17) 

0. 

0. 

SESE 


0.002868 (2) 

0.002874 (2) 

0.000268 

-0.000132 

SEVP 


0.000354 (1) 

0.000354 (1) 

-0.000012(1) 

0.000006 

VPVP 


-0.002329 

-0.002329 

0. 

0. 

REC 


0.002952 

0.003347 

-0.000164 

-0.000164 

RRM 


-0.015686 

-0.016061 

0.000115 

-0.000156 

NUCL 


0.000006 

0.000006 

0. 

0. 

REC(ho) 


0.000016 (1) 

-0.000032 (1) 

0.000005 

0.000005 

QED(ho) 


-0.000008(1) 

-0.000008(1) 

-0.000002 

0.000001 

Total 


10.042071 (2)(17) 

10.272069 (2)(17) 

-0.126189 (1)(0) 

0.123058 

Z ^2,'^ 
SE(pnt) 

He, R 

= 1.6755 (28) fm. M/m 
8.528325 

= 7294.300 

8.758870 

-0.125816 

0.123836 

Ue(pnt) 


-0.262260 

-0.262300 

-0.000014 

-0.000003 

WK(pnt) 


0.000012 

0.000012 

0. 

0. 

FNS 


0.005414 (0)(18) 

0.005415 (0)(18) 

0. 

0. 

SE(fns) 


-0.000002 

-0.000002 

0. 

0. 

SESE 


0.002499 (7) 

0.002513 (7) 

0.000270 

-0.000130 

SEVP 


0.000379 (2) 

0.000378 (2) 

-0.000012(1) 

0.000006 

VPVP 


-0.002307 

-0.002308 

0. 

0. 

REC 


0.001357 

0.001556 

-0.000080 

-0.000081 

RRM 


-0.003219 

-0.003314 

0.000029 

-0.000039 

NUCL 


-0.000001 (1) 

0.000001 

0. 

0. 

REC(ho) 


-0.000009 (1) 

-0.000012 (1) 

0. 

0. 

QED(ho) 


-0.000008 (2) 

-0.000008 (2) 

-0.000002 

0.000001 

Total 


8.270180 (7)(18) 

8.500803 (7)(18) 

-0.125625 (2)(0) 

0.123589 (1)(0) 

Z = 3, 
SE(pnt) 

Li, R 

= 2.444 (42) fm. M/m = 
7.504503 

12786.39 

7.735777 

-0.124992 

0.124317 

Ue(pnt) 


-0.260278 

-0.260367 

-0.000030 

-0.000007 

WK(pnt) 


0.000026 

0.000026 

0. 

0. 

FNS 


0.01155 (0)(40) 

0.01155 (0)(40) 

0.000001 

0. 

SE(fns) 


-0.000006 

-0.000006 

0. 

0. 

Ue(fns) 


0.000002 

0.000002 

0. 

0. 

SESE 


0.002163(13) 

0.002187(13) 

0.000273 (1) 

-0.000129(1) 

SEVP 


0.000405 (4) 

0.000403 (4) 

-0.000013(2) 

0.000006 

VPVP 


-0.002288 (1) 

-0.002288(1) 

0. 

0. 

REC 


0.001095 

0.001266 

-0.000067 

-0.000067 

RRM 


-0.001598 

-0.001653 

0.000016 

-0.000023 

NUCL 


-0.000011 (12) 

-0.000010(12) 

0. 

0. 

REC(ho) 


-0.000007(1) 

-0.000008 (1) 

0. 

0. 

QED(ho) 


-0.000008 (4) 

-0.000008 (4) 

-0.000002 

0.000001 

Total 


7.25554 (2)(40) 

7.48687 (2) (40) 

-0.124814 (2)(0) 

0.124099 (1)(0) 

Z = 4, ® 
SE(pnt) 

Be, R 

= 2.519 (12) fm. M/m = 
6.792824 

= 16424.21 

7.025002 

-0.123969 

0.124918 
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Ue(pnt) 

-0.258420 

-0.258578 

-0.000054 

-0.000012 

WK(pnt) 

0.000045 

0.000045 

0. 

0. 

FNS 

0.01230 (0)(12) 

0.01231 (0)(12) 

0.000002 

0. 

SE(fns) 

-0.000009 

-0.000009 

0. 

0. 

Ue(fns) 

0.000002 

0.000002 

0. 

0. 

SESE 

0.001856 (21) 

0.001888 (21) 

0.000277(2) 

-0.000126 (2) 

SEVP 

0.000431 (6) 

0.000428 (7) 

-0.000013 (3) 

0.000006 

VP VP 

-0.002269 (2) 

-0.002270 (2) 

-0.000001 

0. 

REC 

0.001087 

0.001264(1) 

-0.000068 

-0.000068 

RRM 

-0.001115 

-0.001157 

0.000013 

-0.000018 

NUCL 

-0.000011 (12) 

-0.000011 (12) 

0. 

0. 

REC(ho) 

-0.000006 (1) 

-0.000007(1) 

0. 

0. 

QED(ho) 

-0.000008 (5) 

-0.000008 (5) 

-0.000002 

0.000001 

Total 

6.54671 (3)(12) 

6.77890 (3)(12) 

-0.123815 (3)(0) 

0.124701 (2)(0) 

Z = 5, “B, 

R = 2.406 (29) fm, M/m = 

= 20063.74 



SE(pnt) 

6.251627 

6.484860 

-0.122775 

0.125623 

Ue(pnt) 

-0.256677 

-0.256922 

-0.000084 

-0.000018 

WK(pnt) 

0.000070 

0.000070 

0. 

0. 

FNS 

0.01127 (0)(28) 

0.01128 (0)(28) 

0.000003 

0. 

SE(fns) 

-0.000010 

-0.000010 

0. 

0. 

Ue(fns) 

0.000003 

0.000003 

0. 

0. 

SESE 

0.001572 (30) 

0.001613(30) 

0.000280 (3) 

-0.000124 (3) 

SEVP 

0.000457 (9) 

0.00045 (1) 

-0.000013(3) 

0.000005 

VP VP 

-0.002251 (3) 

-0.002253 (3) 

-0.000001 

0. 

REC 

0.001072 

0.001254 

-0.000067 

-0.000068 

RRM 

-0.000832 

-0.000867 

0.000010 

-0.000015 

NUCL 

-0.000010(11) 

-0.000010(11) 

0. 

0. 

REC(ho) 

-0.000006 (1) 

-0.000007(1) 

0. 

0. 

QED(ho) 

-0.000008 (6) 

-0.000008 (6) 

-0.000002 

0.000001 

Total 

6.00628 (3)(28) 

6.23946 (3)(28) 

-0.122649 (4)(0) 

0.125405 (3)(0) 

Z = i^c, 

R = 2.4702 (22) fm, M/m 

= 21868.66 



SE(pnt) 

5.817887(1) 

6.05231 (1) 

-0.12143 (3) 

0.12643 (4) 

Ue(pnt) 

-0.255041 

-0.255391 

-0.000121 

-0.000026 

WK(pnt) 

0.000099 

0.000099 

0. 

0. 

FNS 

0.011935 (1)(21) 

0.011955 (1)(21) 

0.000004 

0. 

SE(fns) 

-0.000013 

-0.000013 

0. 

0. 

Ue(fns) 

0.000004 

0.000004 

0. 

0. 

SESE 

0.001309 (39) 

0.001356 (39) 

0.000284 (4) 

-0.000122 (4) 

SEVP 

0.000482 (12) 

0.000477(14) 

-0.000013(3) 

0.000005 (1) 

VP VP 

-0.002235 (4) 

-0.002238 (4) 

-0.000001 

0. 

REC 

0.001144 

0.001345 

-0.000072 

-0.000073 

RRM 

-0.000704 

-0.000736 

0.000009 

-0.000013 

NUCL 

-0.000011 (12) 

-0.000011 (12) 

0. 

0. 

REC(ho) 

-0.000006 (2) 

-0.000007(2) 

0. 

0. 

QED(ho) 

-0.000008 (7) 

-0.000008 (7) 

-0.000002 

0.000001 

Total 

5.574842 (44)(21) 

5.809145 (45)(21) 

-0.121342 (31)(0) 

0.126202 (40)(0) 

Z = 7, ^'‘N , 

R = 2.5582 (70) fm, M/m 

= 25519.05 



SE(pnt) 

5.458026 (1) 

5.69376 (1) 

-0.11995 (3) 

0.12731 (3) 

Ue(pnt) 

-0.253505 

-0.253979 

-0.000165 

-0.000035 

WK(pnt) 

0.000133 

0.000133 

0. 

0. 

FNS 

0.012870 (2)(70) 

0.012899 (2)(70) 

0.000006 

0. 

SE(fns) 

-0.000016 

-0.000016 

0. 

0. 

Ue(fns) 

0.000005 

0.000005 

0. 

0. 

SESE 

0.001063 (49) 

0.001115 (50) 

0.000287(6) 

-0.000120 (6) 

SEVP 

0.000507(16) 

0.000501 (18) 

-0.000014 (4) 

0.000005 (1) 

VP VP 

-0.002220 (6) 

-0.002223 (6) 

-0.000002 

0. 

REC 

0.001113 

0.001315 

-0.000069 

-0.000071 

RRM 

-0.000562 

-0.000589 

0.000008 

-0.000012 

NUCL 

-0.000012(13) 

-0.000012(13) 

0. 

0. 

REC(ho) 

-0.000006 (2) 

-0.000006 (2) 

0. 

0. 

QED(ho) 

-0.000008 (8) 

-0.000008 (8) 

-0.000002 

0.000001 
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Total 

5.217389 (55) (70) 

5.452891 (56) (70) 

-0.119900 (31)(0) 

0.127078 (31) (0) 

Z = 8, i®0, i? 

= 2.6991 (52) fm. M/m 

= 29148.95 



SE(pnt) 

5.152029(1) 

5.389169 (9) 

-0.11835 (3) 

0.12827(3) 

Ue(pnt) 

-0.252064 

-0.252679 

-0.000215 

-0.000045 

WK(pnt) 

0.000172 

0.000172 

0. 

0. 

FNS 

0.014412 (2)(55) 

0.014456 (2) (56) 

0.000009 

0. 

SE(fns) 

-0.000021 

-0.000020 

0. 

0. 

Ue(fns) 

0.000007 

0.000007 

0. 

0. 

WK(fns) 

-0.000001 

-0.000001 

0. 

0. 

SESE 

0.000831 (61) 

0.000887 (61) 

0.000291 (8) 

-0.000118(8) 

SEVP 

0.000532 (20) 

0.000525 (23) 

-0.000014(5) 

0.000004 (1) 

VPVP 

-0.002205 (7) 

-0.002210 (7) 

-0.000002 

-0.000001 

REC 

0.001087 

0.001289 

-0.000067 

-0.000069 

RRM 

-0.000461 

-0.000485 

0.000007 

-0.000010 

NUCL 

-0.000013(14) 

-0.000013(14) 

0. 

0. 

REC(ho) 

-0.000006 (2) 

-0.000006 (2) 

0. 

0. 

QED(ho) 

-0.000008 (9) 

-0.000008 (9) 

-0.000002 

0.000001 

Total 

4.914292 (67) (55) 

5.151083 (68)(56) 

-0.118343 (31)(0) 

0.128033 (31)(0) 

Z = 9, , i? 

= 2.8976 (25) fm. M/m 

= 34622.98 



SE(pnt) 

4.887004 (1) 

5.125656 (8) 

-0.11665 (2) 

0.12929(4) 

Ue(pnt) 

-0.250714 

-0.251487 

-0.000272 

-0.000056 

WK(pnt) 

0.000214 

0.000215 

0. 

0. 

FNS 

0.016719 (3)(29) 

0.016783 (3) (29) 

0.000014 

0. 

SE(fns) 

-0.000027 

-0.000027 

0. 

0. 

Ue(fns) 

0.000010 

0.000010 

0. 

0. 

WK(fns) 

-0.000001 

-0.000001 

0. 

0. 

SESE 

0.000612 (74) 

0.000672 (74) 

0.000295 (10) 

-0.000116(10) 

SEVP 

0.000557(25) 

0.000549 (28) 

-0.000014(5) 

0.000004(1) 

VPVP 

-0.002191 (9) 

-0.002197 (9) 

-0.000003 

-0.000001 

REC 

0.001007 

0.001199 

-0.000061 

-0.000064 

RRM 

-0.000365 

-0.000386 

0.000005 

-0.000009 

NUCL 

-0.000016(17) 

-0.000016(17) 

0. 

0. 

REC(ho) 

-0.000006 (2) 

-0.000006 (2) 

0. 

0. 

QED(ho) 

-0.000008 (11) 

-0.000008 (11) 

-0.000002 

0.000001 

Total 

4.652796 (81) (29) 

4.890955 (82) (29) 

-0.116688 (23)(0) 

0.129050 (41) (0) 

Z = 10, ^°Ne, 

R = 3.0055 (21) fm. M/m = 36434.00 



SE(pnt) 

4.654162 

4.894417(7) 

-0.11484 (2) 

0.13036 (2) 

Ue(pnt) 

-0.249449 

-0.250399 

-0.000335 

-0.000069 

WK(pnt) 

0.000262 

0.000262 

0.000001 

0. 

FNS 

0.018120 (4)(25) 

0.018205 (4)(25) 

0.000018 

0. 

SE(fns) 

-0.000033 

-0.000033 

0. 

0. 

Ue(fns) 

0.000012 

0.000012 

0. 

0. 

WK(fns) 

-0.000001 

-0.000001 

0. 

0. 

SESE 

0.000400 (84) 

0.000461 (85) 

0.000298 (12) 

-0.000114(12) 

SEVP 

0.000581 (30) 

0.000572 (33) 

-0.000015 (6) 

0.000004 (1) 

VPVP 

-0.002178 (12) 

-0.002186(12) 

-0.000003 

-0.000001 

REC 

0.001042 

0.001246 

-0.000062 

-0.000065 

RRM 

-0.000328 

-0.000348 

0.000005 

-0.000008 

NUCL 

-0.000017(18) 

-0.000017(18) 

0. 

0. 

REC(fns) 

-0.000001 

-0.000001 (1) 

0. 

0. 

REC(ho) 

-0.000006 (2) 

-0.000006 (2) 

0. 

0. 

QED(ho) 

-0.000008 (12) 

-0.000008 (12) 

-0.000002 

0.000001 

Total 

4.422556 (93)(25) 

4.662176 (95)(25) 

-0.114936 (24)(0) 

0.130108 (24) (0) 

Z = 11, 2®Na, 

R = 2.9936 (21) fm. M/m = 41896.8 



SE(pnt) 

4.447244(1) 

4.68919 (3) 

-0.112947(2) 

0.131493(2) 

Ue(pnt) 

-0.248268 

-0.249411 

-0.000406 

-0.000083 

WK(pnt) 

0.000313 

0.000314 

0.000001 

0. 

FNS 

0.018125 (5)(25) 

0.018228 (5)(25) 

0.000022 

0. 

SE(fns) 

-0.000037 

-0.000036 

0. 

0. 

Ue(fns) 

0.000014 

0.000014 

0. 

0. 

WK(fns) 

-0.000001 

-0.000001 

0. 

0. 
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SESE 

0.00020 (10) 

0.00026 (10) 

0.000302 (15) 

-0.000112 (15) 

SEVP 

0.000605 (35) 

0.000595 (39) 

-0.000015 (7) 

0.000003(1) 

VP VP 

-0.002166 (14) 

-0.002175 (14) 

-0.000004 

-0.000001 

REC 

0.000978 

0.001174 

-0.000058 

-0.000061 

RRM 

-0.000271 

-0.000288 

0.000004 

-0.000007 

NUCL 

-0.000017(18) 

-0.000017(18) 

0. 

0. 

REC(fns) 

-0.000001 

-0.000001 (1) 

0. 

0. 

Total 

4.21672 (11)(3) 

4.45784 (12) (3) 

-0.113100 (17)(0) 

0.131234 (15)(0) 

Z = 12, 

^'‘Mg, R = 3.0570 (16) fm, M/ 

m = 43710.1 



SE(pnt) 

4.261638(1) 

4.505350 (2) 

-0.110962(1) 

0.132689(1) 

Ue(pnt) 

-0.247165 

-0.248520 

-0.000484 

-0.000098 

WK(pnt) 

0.000368 

0.000369 

0.000001 

0.000001 

FNS 

0.019066 (5)(20) 

0.019196 (5)(20) 

0.000028 

0. 

SE(fns) 

-0.000042 

-0.000042 

0. 

0. 

Ue(fns) 

0.000016 

0.000016 

0. 

0. 

WK(fns) 

-0.000002 (1)(0) 

-0.000002 (1)(0) 

0. 

0. 

SESE 

0.000009 (89) 

0.000070 (90) 

0.000306 (18) 

-0.000109(18) 

SEVP 

0.000629 (41) 

0.000618 (46) 

-0.000016(8) 

0.000003 (1) 

VP VP 

-0.002155(16) 

-0.002165(16) 

-0.000005 

-0.000001 

REC 

0.001005 

0.001211 

-0.000058 

-0.000062 

RRM 

-0.000247 

-0.000264 

0.000004 

-0.000007 

NUCL 

-0.000018(19) 

-0.000018(19) 

0. 

0. 

REC(fns) 

-0.000001 

-0.000001 (1) 

0. 

0. 

Total 

4.03310 (10)(2) 

4.27582 (10)(2) 

-0.111185 (19)(0) 

0.132416 (18)(0) 

Z = 13, 

R = 3.0610 (31) fm. M/m = 49171.3 



SE(pnt) 

4.093844(1) 

4.339403 (1) 

-0.108897(2) 

0.133933(1) 

Ue(pnt) 

-0.246139 

-0.247722 

-0.000568 

-0.000114 

WK(pnt) 

0.000427 

0.000429 

0.000002 

0.000001 

FNS 

0.019299 (6)(39) 

0.019453 (6)(39) 

0.000033 

0. 

SE(fns) 

-0.000047 

-0.000046 

0. 

0. 

Ue(fns) 

0.000018 

0.000018 

0. 

0. 

WK(fns) 

-0.000002 (1)(0) 

-0.000002 (1)(0) 

0. 

0. 

SESE 

-0.00017(10) 

-0.00011 (11) 

0.000310 (21) 

-0.000107(21) 

SEVP 

0.000653 (47) 

0.000641 (52) 

-0.000016(9) 

0.000003 (1) 

VP VP 

-0.002145(19) 

-0.002157(19) 

-0.000005 

-0.000001 

REC 

0.000952 

0.001152 

-0.000053 

-0.000058 

RRM 

-0.000209 

-0.000224 

0.000003 

-0.000006 

NUCL 

-0.000018(19) 

-0.000018(19) 

0. 

0. 

REC(fns) 

-0.000001 

-0.000001 (1) 

0. 

0. 

Total 

3.86647 (12)(4) 

4.11082 (12)(4) 

-0.109192 (23)(0) 

0.133651 (21)(0) 

Z = 14, 

^®Si, R = 3.1224 (24) fm. M/m = 50984.8 



SE(pnt) 

3.941151(1) 

4.188628 (1) 

-0.106755 (3) 

0.135226(1) 

Ue(pnt) 

-0.245187 

-0.247016 

-0.000660 

-0.000131 

WK(pnt) 

0.000490 

0.000492 

0.000002 

0.000001 

FNS 

0.020283 (6)(31) 

0.020470 (7)(31) 

0.000040 

0. 

SE(fns) 

-0.000053 

-0.000052 

0. 

0. 

Ue(fns) 

0.000021 

0.000021 

0. 

0. 

WK(fns) 

-0.000003 (1)(0) 

-0.000003 (1)(0) 

0. 

0. 

SESE 

-0.00033(12) 

-0.00028 (12) 

0.000314(24) 

-0.000105 (24) 

SEVP 

0.000676 (53) 

0.000664 (59) 

-0.000016(9) 

0.000002 (1) 

VP VP 

-0.002135(22) 

-0.002149 (22) 

-0.000006 

-0.000002 

REC 

0.000974 

0.001182 

-0.000053 

-0.000058 

RRM 

-0.000193 

-0.000208 

0.000003 

-0.000006 

NUCL 

-0.000019 (20) 

-0.000019 (20) 

0. 

0. 

REC(fns) 

-0.000001 

-0.000001 (1) 

0. 

0. 

Total 

3.71567 (14)(3) 

3.96173 (14)(3) 

-0.107132 (26)(0) 

0.134928 (24)(0) 

Z = 15, 

®ip , R = 3.1889 (19) fm. M/m = 56446.7 



SE(pnt) 

3.801411 

4.050876 (1) 

-0.104547(3) 

0.136567(4) 

Ue(pnt) 

-0.244307 

-0.246399 

-0.000759 

-0.000149 

WK(pnt) 

0.000557 

0.000560 

0.000003 

0.000001 

FNS 

0.021381 (7)(25) 

0.021608 (7)(26) 

0.000049 

0. 
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SE(fns) 

-0.000060 

-0.000059 

0. 

0. 

Ue(fns) 

0.000025 

0.000025 

0. 

0. 

WK(fns) 

-0.000003 (1)(0) 

-0.000003 (1)(0) 

0. 

0. 

SESE 

-0.000491 (28) 

-0.000438 (34) 

0.000318 (28) 

-0.000102 (28) 

SEVP 

0.000699 (59) 

0.000687 (67) 

-0.000017(10) 

0.000002(1) 

VPVP 

-0.002126(25) 

-0.002142(25) 

-0.000007 

-0.000002 

REC 

0.000929 

0.001132 

-0.000049 

-0.000054 

RRM 

-0.000167 

-0.000180 

0.000003 

-0.000006 

NUCL 

-0.000020(21) 

-0.000020 (22) 

0. 

0. 

REC(fns) 

-0.000001 

-0.000002 (1) 

0. 

0. 

Total 

3.577826 (74)(25) 

3.825645 (82)(26) 

-0.105007 (30)(0) 

0.136258 (28)(0) 

Z = 16, 

S , R = 3.2611 (18) fm. M/m - 

= 58265.5 



SE(pnt) 

3.672895(1) 

3.924417(1) 

-0.102267(5) 

0.137944 

Ue(pnt) 

-0.243496 

-0.245869 

-0.000866 

-0.000168 

WK(pnt) 

0.000628 

0.000631 

0.000004 

0.000002 

FNS 

0.022610 (8)(25) 

0.022883 (8)(25) 

0.000059 

0. 

SE(fns) 

-0.000068 

-0.000067 

0. 

0. 

Ue(fns) 

0.000029 

0.000029 

0. 

0. 

WK(fns) 

-0.000004 (1)(0) 

-0.000004 (1)(0) 

0. 

0. 

SESE 

-0.000639 (32) 

-0.000590 (38) 

0.000322 (32) 

-0.000099 (32) 

SEVP 

0.000722 (66) 

0.000709 (75) 

-0.000017(11) 

0.000002 (1) 

VPVP 

-0.002118(29) 

-0.002135(29) 

-0.000008 

-0.000002 

REC 

0.000948 

0.001158 

-0.000048 

-0.000054 

RRM 

-0.000156 

-0.000168 

0.000003 

-0.000006 

NUCL 

-0.000021 (23) 

-0.000022 (23) 

0. 

0. 

REC(fns) 

-0.000002 

-0.000002 (1) 

0. 

0. 

Total 

3.451328 (82)(25) 

3.700972 (92)(25) 

-0.102819 (34)(0) 

0.137619 (32)(0) 

Z = 17, 

Cl, R = 3.365 (19) fm. M/m = 

= 63727.3 



SE(pnt) 

3.554196(2) 

3.807840 

-0.099921 (1) 

0.139362 

Ue(pnt) 

-0.242753 

-0.245424 

-0.000980 

-0.000188 

WK(pnt) 

0.000702 

0.000706 

0.000004 

0.000002 

FNS 

0.02436 (1)(27) 

0.02469(1) (28) 

0.000072 (0)(1) 

0. 

SE(fns) 

-0.000078 (0)(1) 

-0.000077 (0)(1) 

0.000001 

0. 

Ue(fns) 

0.000034 

0.000034 

0. 

0. 

WK(fns) 

-0.000004 (1)(0) 

-0.000004 (1)(0) 

0. 

0. 

SESE 

-0.000780 (23) 

-0.000736 (34) 

0.000326 (36) 

-0.000096 (36) 

SEVP 

0.000745 (73) 

0.000732 (83) 

-0.000018(12) 

0.000001 (2) 

VPVP 

-0.002110(32) 

-0.002130 (32) 

-0.000009 

-0.000002 

REC 

0.000909 

0.001115 

-0.000044 

-0.000051 

RRM 

-0.000137 

-0.000148 

0.000002 

-0.000005 

NUCL 

-0.000023 (24) 

-0.000024(25) 

0. 

0. 

REC(fns) 

-0.000002 

-0.000002 (1) 

0. 

0. 

Total 

3.33506 (9)(27) 

3.58657 (10)(28) 

-0.100568 (38)(1) 

0.139024 (36)(0) 

Z = 18, 

Ar, R = 3.4274 (26) fm, M/m 

= 72829.0 



SE(pnt) 

3.444146 (1) 

3.699978 

-0.097512(4) 

0.140818 

Ue(pnt) 

-0.242076 

-0.245063 

-0.001102 

-0.000209 

WK(pnt) 

0.000780 

0.000785 

0.000006 

0.000002 

FNS 

0.025576 (10)(38) 

0.025969 (10)(39) 

0.000085 

0. 

SE(fns) 

-0.000087 

-0.000086 

0.000001 

0.000001 

Ue(fns) 

0.000038 

0.000039 

0. 

0. 

WK(fns) 

-0.000005 (2)(0) 

-0.000005 (2)(0) 

0. 

0. 

SESE 

-0.000915(25) 

-0.000876 (38) 

0.000330 (40) 

-0.000093 (40) 

SEVP 

0.000767 (80) 

0.000755 (91) 

-0.000018(13) 

0.000001 (2) 

VPVP 

-0.002103 (36) 

-0.002125 (36) 

-0.000010 

-0.000002 

REC 

0.000832 

0.001024 

-0.000039 

-0.000046 

RRM 

-0.000115 

-0.000126 

0.000002 

-0.000005 

NUCL 

-0.000025 (26) 

-0.000025 (26) 

0. 

0. 

REC(fns) 

-0.000002 

-0.000002 (1) 

0. 

0. 

Total 

3.226813 (96)(38) 

3.48024 (11)(4) 

-0.098259 (42) (0) 

0.140468 (40)(0) 

Z = 19, 

K, R = 3.4349 (19) fm. M/m 

= 71007.5 



SE(pnt) 

3.341773 (2) 

3.599854(1) 

-0.095044 (3) 

0.142310 
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Ue(pnt) 

-0.241464 

-0.244784 

-0.001232 

-0.000232 

WK(pnt) 

0.000861 

0.000868 

0.000007 

0.000003 

FNS 

0.026029 (11)(29) 

0.026474 (11)(29) 

0.000097 

0. 

SE(fns) 

-0.000094 

-0.000093 

0.000001 

0.000001 

Ue(fns) 

0.000043 

0.000043 

0. 

0. 

WK(fns) 

-0.000006 (2)(0) 

-0.000006 (2)(0) 

0. 

0. 

SESE 

-0.001043 (28) 

-0.001010 (42) 

0.000334 (45) 

-0.000089 (45) 

SEVP 

0.000790 (88) 

0.00078 (10) 

-0.000018(14) 

0.000001 (2) 

VPVP 

-0.002096 (40) 

-0.002121 (40) 

-0.000011 

-0.000003 

REC 

0.000891 

0.001100 

-0.000040 

-0.000048 

RRM 

-0.000114 

-0.000125 

0.000002 

-0.000005 

NUCL 

-0.000025 (26) 

-0.000025 (26) 

0. 

0. 

REC(fns) 

-0.000002 

-0.000002 (1) 

0. 

0. 

Total 

3.12554 (10)(3) 

3.38095 (12) (3) 

-0.095905 (47) (0) 

0.141938 (45)(0) 

Z = 20, 

Ca, R = 3.4776 (19) fm, M/' 

m = 72827.4 



SE(pnt) 

3.246256 

3.506647(1) 

-0.092519 (3) 

0.143839 (2) 

Ue(pnt) 

-0.240914 

-0.244587 

-0.001370 

-0.000255 

WK(pnt) 

0.000946 

0.000954 

0.000008 

0.000004 

FNS 

0.027044 (12)(29) 

0.027557 (12)(30) 

0.000112 

0. 

SE(fns) 

-0.000103 

-0.000102 

0.000001 

0.000001 

Ue(fns) 

0.000048 

0.000048 

0. 

0. 

WK(fns) 

-0.000006 

-0.000006 (1)(0) 

0. 

0. 

SESE 

-0.001165(11) 

-0.001139 (37) 

0.000338 (49) 

-0.000085 (49) 

SEVP 

0.000812 (96) 

0.00080(11) 

-0.000019(15) 

0.000001 (2) 

VPVP 

-0.002091 (44) 

-0.002118 (44) 

-0.000013 

-0.000003 

REC 

0.000905 

0.001121 

-0.000038 

-0.000047 

RRM 

-0.000107 

-0.000118 

0.000002 

-0.000005 

NUCL 

-0.000026 (27) 

-0.000026 (28) 

0. 

0. 

REC(fns) 

-0.000002 

-0.000002(1) 

0. 

0. 

Total 

3.03160 (11)(3) 

3.28903 (13)(3) 

-0.093498 (52)(0) 

0.143449 (50)(0) 

Z = 21, 

Sc, R = 3.5459 (25) fm. M/m = 81928.6 



SE(pnt) 

3.156890(2) 

3.419655 

-0.089934(1) 

0.145393(1) 

Ue(pnt) 

-0.240427 

-0.244470 

-0.001516 

-0.000279 

WK(pnt) 

0.001034 

0.001045 

0.000010 

0.000004 

FNS 

0.028512 (13)(40) 

0.029109 (13)(41) 

0.000130 

0. 

SE(fns) 

-0.000114 

-0.000114 

0.000001 

0.000001 

Ue(fns) 

0.000054 

0.000055 

0. 

0. 

WK(fns) 

-0.000007 

-0.000007 (1)(0) 

0. 

0. 

SESE 

-0.001279(12) 

-0.001261 (41) 

0.000343 (55) 

-0.000081 (55) 

SEVP 

0.00083 (10) 

0.00082 (12) 

-0.000019(16) 

0.000001 (2) 

VPVP 

-0.002085 (48) 

-0.002116 (49) 

-0.000014 

-0.000003 

REC 

0.000836 

0.001039 

-0.000033 

-0.000043 

RRM 

-0.000092 

-0.000101 

0.000001 

-0.000004 

NUCL 

-0.000027(29) 

-0.000028 (29) 

0. 

0. 

REC(fns) 

-0.000002 

-0.000003 (1) 

0. 

0. 

Total 

2.94412 (12)(4) 

3.20363 (14) (4) 

-0.091032 (57) (0) 

0.144988 (55)(0) 

Z = 22, 

Ti, R = 3.5921 (17) fm. M/m = 87381.8 



SE(pnt) 

3.073079 (2) 

3.338277(1) 

-0.087296 (2) 

0.146981 (1) 

Ue(pnt) 

-0.240001 

-0.244432 

-0.001672 

-0.000304 

WK(pnt) 

0.001126 

0.001139 

0.000012 

0.000005 

FNS 

0.029691 (14)(28) 

0.030374 (15)(28) 

0.000149 

0. 

SE(fns) 

-0.000125 

-0.000125 

0.000001 

0.000001 

Ue(fns) 

0.000060 

0.000061 

0. 

0. 

WK(fns) 

-0.000008 

-0.000008 (2)(0) 

0. 

0. 

SESE 

-0.001389(13) 

-0.001379 (45) 

0.000347(60) 

-0.000077(60) 

SEVP 

0.00086(11) 

0.00085 (13) 

-0.000019(17) 

0.000000 (2) 

VPVP 

-0.002081 (53) 

-0.002114(54) 

-0.000016 

-0.000004 

REC 

0.000813 

0.001015 

-0.000030 

-0.000040 

RRM 

-0.000084 

-0.000092 

0.000001 

-0.000004 

NUCL 

-0.000029 (30) 

-0.000029 (30) 

0. 

0. 

REC(fns) 

-0.000002 

-0.000003 (1) 

0. 

0. 
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Total 

2.86191 (13)(3) 

3.12353 (15)(3) 

-0.088523 (62)(0) 

0.146558 (60) (0) 

^ = 23, 

®^V , i? = 3.6002 (22) fm, M/m 

= 92842.2 



SE(pnt) 

2.994303 (2) 

3.261993(1) 

-0.084605 (2) 

0.148599 (2) 

Ue(pnt) 

-0.239634 

-0.244473 

-0.001836 

-0.000330 

WK(pnt) 

0.001221 

0.001236 

0.000014 

0.000006 

FNS 

0.030291 (16)(36) 

0.031054 (16) (37) 

0.000167 

0. 

SE(fns) 

-0.000134 

-0.000134 

0.000001 

0.000001 

Ue(fns) 

0.000066 

0.000067 

0. 

0. 

WK(fns) 

-0.000009 

-0.000009 (2)(0) 

0. 

0. 

SESE 

-0.001494(15) 

-0.001492 (49) 

0.000352 (65) 

-0.000072 (65) 

SEVP 

0.00088 (12) 

0.00087(14) 

-0.000020 (18) 

0.000000 (2) 

VPVP 

-0.002077 (57) 

-0.002113(58) 

-0.000017 

-0.000004 

REC 

0.000793 

0.000993 

-0.000028 

-0.000038 

RRM 

-0.000076 

-0.000084 

0.000001 

-0.000004 

NUCL 

-0.000029 (30) 

-0.000030 (31) 

0. 

0. 

REC(fns) 

-0.000003 

-0.000003 (1) 

0. 

0. 

Total 

2.78410 (14) (4) 

3.04787 (16)(4) 

-0.085970 (68)(0) 

0.148157 (66)(0) 

^ = 24, 

®2Cr, R = 3.6452 (42) fm, M/m 

= 94657.8 



SE(pnt) 

2.920110 (2) 

3.190352 

-0.081861 (2) 

0.150244 (2) 

Ue(pnt) 

-0.239326 

-0.244592 

-0.002009 

-0.000357 

WK(pnt) 

0.001320 

0.001338 

0.000017 

0.000007 

FNS 

0.031546 (17)(72) 

0.032412 (18)(74) 

0.000190 

0. 

SE(fns) 

-0.000146 

-0.000146 

0.000001 

0.000001 

Ue(fns) 

0.000073 

0.000075 

0. 

0. 

WK(fns) 

-0.000010 

-0.000010 (2)(0) 

0. 

0. 

SESE 

-0.001594(16) 

-0.001602 (53) 

0.000356 (71) 

-0.000068 (71) 

SEVP 

0.00090 (13) 

0.00089(15) 

-0.000020 (19) 

0.000000 (2) 

VPVP 

-0.002073 (62) 

-0.002113(64) 

-0.000019(1) 

-0.000004 

REC 

0.000805 

0.001011 

-0.000026 

-0.000037 

RRM 

-0.000072 

-0.000081 

0.000001 

-0.000004 

NUCL 

-0.000031 (32) 

-0.000031 (32) 

0. 

0. 

REC(fns) 

-0.000003 

-0.000003 (1) 

0. 

0. 

Total 

2.71150 (15)(7) 

2.97750 (17) (7) 

-0.083369 (74)(0) 

0.149782 (71)(0) 

to 

or 

®®Mn, R = 3.7057 (22) fm. M/m = 100120 



SE(pnt) 

2.850104 

3.122959(1) 

-0.079066 (1) 

0.151921 (1) 

Ue(pnt) 

-0.239077 

-0.244789 

-0.002191 

-0.000384 

WK(pnt) 

0.001422 

0.001443 

0.000020 

0.000008 

FNS 

0.033133 (19)(39) 

0.034121 (20) (40) 

0.000217 

0. 

SE(fns) 

-0.000160 

-0.000161 

0.000001 

0.000001 

Ue(fns) 

0.000081 

0.000083 

0. 

0. 

WK(fns) 

-0.000011 

-0.000012 (2) (0) 

0. 

0. 

SESE 

-0.001691 (14) 

-0.001708 (56) 

0.000361 (77) 

-0.000063 (77) 

SEVP 

0.00092 (14) 

0.00092 (16) 

-0.000020 (20) 

0.000000 (2) 

VPVP 

-0.002071 (67) 

-0.002113(69) 

-0.000020 (1) 

-0.000004 

REC 

0.000786 

0.000991 

-0.000023 

-0.000035 

RRM 

-0.000066 

-0.000074 

0.000001 

-0.000004 

NUCL 

-0.000032 (33) 

-0.000033 (34) 

0. 

0. 

REC(fns) 

-0.000003 

-0.000004(1) 

0. 

0. 

Total 

2.64334 (16)(4) 

2.91162 (19)(4) 

-0.080721 (80)(0) 

0.151439 (77) (0) 

^ = 26, 

®®Fe, R = 3.7377 (16) fm, M/m 

= 101937 



SE(pnt) 

2.783938 

3.059466 (1) 

-0.076219(1) 

0.153619 

Ue(pnt) 

-0.238885 

-0.245063 

-0.002384 

-0.000413 

WK(pnt) 

0.001527 

0.001552 

0.000023 

0.000009 

FNS 

0.034284 (21) (29) 

0.035392 (21) (30) 

0.000244 

0. 

SE(fns) 

-0.000173 

-0.000174 

0.000001 

0.000001 

Ue(fns) 

0.000089 

0.000092 

0. 

0. 

WK(fns) 

-0.000013 

-0.000013 

0. 

0. 

SESE 

-0.001782 (15) 

-0.001809 (60) 

0.000366 (84) 

-0.000057 (84) 

SEVP 

0.00094 (15) 

0.00094(17) 

-0.000020 (21) 

0.000000 (2) 

VPVP 

-0.002068 (73) 

-0.002115 (74) 

-0.000022 (1) 

-0.000005 

REC 

0.000797 

0.001008 

-0.000021 

-0.000034 
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RRM 


-0.000063 

-0.000071 

0.000001 

-0.000004 

NUCL 


-0.000033 (34) 

-0.000034 (35) 

0. 

0. 

REC(fns) 


-0.000003 

-0.000004(1) 

0. 

0. 

Total 


2.57856 (17)(3) 

2.84917 (20) (3) 

-0.078031 (86) (0) 

0.153115 (84)(0) 

Z = 27, 
SE(pnt) 

^®Co, 

R = 3.7875 (21) fm, M/i 
2.721305 (1) 

m = 107401 

2.999564 (1) 

-0.073321 (2) 

0.155341 (2) 

Ue(pnt) 


-0.238750 

-0.245415 

-0.002586 

-0.000443 

WK(pnt) 


0.001636 

0.001665 

0.000027 

0.000010 

ENS 


0.035818 (22)(39) 

0.037069 (23)(40) 

0.000276 

0. 

SE(fns) 


-0.000188 

-0.000190 

0.000001 

0.000001 

Ue(fns) 


0.000099 

0.000102 

0. 

0. 

WK(fns) 


-0.000014 

-0.000014 

0. 

0. 

SESE 


-0.001869(16) 

-0.001906 (64) 

0.000371 (90) 

-0.000052 (90) 

SEVP 


0.00097(16) 

0.00097(18) 

-0.000020 (22) 

0.000000 (3) 

VPVP 


-0.002067 (78) 

-0.002117(80) 

-0.000024(1) 

-0.000005 

REC 


0.000780 

0.000990 

-0.000018 

-0.000032 

RRM 


-0.000058 

-0.000066 

0.000001 

-0.000003 

NUCL 


-0.000035 (36) 

-0.000036 (37) 

0. 

0. 

REC(fns) 


-0.000003 

-0.000004(1) 

0. 

0. 

Total 


2.51762 (18)(4) 

2.79061 (21) (4) 

-0.075293 (93)(0) 

0.154816 (90)(0) 

Z = 28, 
SE(pnt) 

^®Ni, 

R = 3.7757 (20) fm, M/m = 105581 

2.661931 (1) 2.942983(1) 

-0.070373 (2) 

0.157087(2) 

Ue(pnt) 


-0.238672 

-0.245845 

-0.002799 

-0.000473 

WK(pnt) 


0.001749 

0.001782 

0.000031 

0.000012 

ENS 


0.036262 (24)(38) 

0.037625 (25)(39) 

0.000302 

0. 

SE(fns) 


-0.000198 

-0.000200 

0.000001 

0.000001 

Ue(fns) 


0.000106 

0.000110 

0.000001 

0. 

WK(fns) 


-0.000015 

-0.000016 

0. 

0. 

SESE 


-0.001953(17) 

-0.002001 (68) 

0.000376 (97) 

-0.000046 (97) 

SEVP 


0.00099 (17) 

0.00099 (19) 

-0.000020 (23) 

0.000000 (3) 

VPVP 


-0.002066 (84) 

-0.002120 (86) 

-0.000026(1) 

-0.000005 

REC 


0.000817 

0.001041 

-0.000017 

-0.000033 

RRM 


-0.000058 

-0.000065 

0.000001 

-0.000004 

NUCL 


-0.000035 (36) 

-0.000037(38) 

0. 

0. 

REC(fns) 


-0.000003 

-0.000005 (1) 

0. 

0. 

Total 


2.45885 (19)(4) 

2.73425 (23) (4) 

-0.07252 (10)(0) 

0.156539 (97)(0) 

Z = 29, 
SE(pnt) 

“Cu, 

R = 3.8823 (15) fm, M/\ 
2.605574(1) 

m = 114684 

2.889480 (1) 

-0.067376 (2) 

0.158856(2) 

Ue(pnt) 


-0.238650 

-0.246351 

-0.003023 

-0.000504 

WK(pnt) 


0.001865 

0.001903 

0.000035 

0.000013 

ENS 


0.039022 (26)(29) 

0.040599 (28)(31) 

0.000350 

0. 

SE(fns) 


-0.000221 

-0.000224 

0.000001 

0.000001 

Ue(fns) 


0.000120 

0.000124 

0.000001 

0. 

WK(fns) 


-0.000017 

-0.000018 

0. 

0. 

SESE 


-0.002035 (19) 

-0.002094(73) 

0.00038(10) 

-0.00004(10) 

SEVP 


0.00101(18) 

0.00102 (20) 

-0.000020 (24) 

0.000000 (3) 

VPVP 


-0.002065 (90) 

-0.002123 (93) 

-0.000028(1) 

-0.000006 

REC 


0.000774 

0.000990 

-0.000013 

-0.000030 

RRM 


-0.000052 

-0.000059 

0.000001 

-0.000003 

NUCL 


-0.000038 (39) 

-0.000040 (41) 

0. 

0. 

REC(fns) 


-0.000004 

-0.000005 (1) 

0. 

0. 

Total 


2.40529 (20)(3) 

2.68320 (24) (3) 

-0.06969 (11)(0) 

0.15829 (10)(0) 

Z = 30, 
SE(pnt) 

s^Zn, 

R = 3.9283 (15) fm, M/m = 116505 

2.552015 2.838838(1) 

-0.064330 

0.160647(1) 

Ue(pnt) 


-0.238684 

-0.246936 

-0.003257 

-0.000536 

WK(pnt) 


0.001984 

0.002028 

0.000041 

0.000015 

ENS 


0.040715 (29)(30) 

0.042478 (30)(32) 

0.000393 

0. 

SE(fns) 


-0.000239 

-0.000244 

0.000001 

0.000001 

Ue(fns) 


0.000132 

0.000137 

0.000001 

0. 

WK(fns) 


-0.000019 

-0.000020 

0. 

0. 

SESE 


-0.002113(11) 

-0.002184(75) 

0.00039(11) 

-0.00003(11) 
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SEVP 


0.00104(19) 

0.00104 (22) 

-0.000020 (26) 

0.000000 (3) 

VPVP 


-0.002065 (96) 

-0.002127(99) 

-0.000030 (1) 

-0.000006 

REC 


0.000784 

0.001005 

-0.000011 

-0.000029 

RRM 


-0.000049 

-0.000056 

0.000001 

-0.000003 

NUCL 


-0.000040 (41) 

-0.000041 (42) 

0. 

0. 

REC(fns) 


-0.000004 

-0.000005 (1) 

0. 

0. 

Total 


2.35345 (22)(3) 

2.63392 (25) (3) 

-0.06683 (11)(0) 

0.16005 (11)(0) 

Z = 31, 
SE(pnt) 

®«Ga, 

R = 3.9973 (17) fm, M/i 
2.501059(1) 

m = 125612 

2.790860 (1) 

-0.061232(2) 

0.162458 (1) 

Ue(pnt) 


-0.238773 

-0.247599 

-0.003504 

-0.000569 

WK(pnt) 


0.002107 

0.002158 

0.000046 

0.000017 

FNS 


0.042971 (31)(36) 

0.044962 (32) (37) 

0.000445 

0. 

SE(fns) 


-0.000261 

-0.000267 

0.000001 

0.000001 

Ue(fns) 


0.000146 

0.000152 

0.000001 

0. 

WK(fns) 


-0.000021 

-0.000022 

0. 

0. 

SESE 


-0.002189(11) 

-0.002272 (79) 

0.00039(12) 

-0.00003 (12) 

SEVP 


0.00106 (20) 

0.00107(23) 

-0.000020 (27) 

0.000000 (3) 

VPVP 


-0.00207(10) 

-0.00213(11) 

-0.000032 (2) 

-0.000007 

REC 


0.000747 

0.000961 

-0.000008 

-0.000026 

RRM 


-0.000045 

-0.000051 

0. 

-0.000003 

NUCL 


-0.000042 (43) 

-0.000044 (45) 

0. 

0. 

REC(fns) 


-0.000004 

-0.000006 (1) 

0. 

0. 

Total 


2.30469 (23)(4) 

2.58777 (27) (4) 

-0.06391 (12)(0) 

0.16184 (12)(0) 

Z = 32, 
SE(pnt) 

^"Ge, 

R = 4.0742 (12) fm, M/; 
2.452530(1) 

m = 134718 

2.745372 (2) 

-0.058086 (2) 

0.164290(1) 

Ue(pnt) 


-0.238918 

-0.248340 

-0.003762 

-0.000603 

WK(pnt) 


0.002233 

0.002291 

0.000052 

0.000019 

FNS 


0.045517 (33)(26) 

0.047769 (35)(27) 

0.000505 

0. 

SE(fns) 


-0.000286 

-0.000294 

0.000001 

0.000001 

Ue(fns) 


0.000162 

0.000169 

0.000001 

0. 

WK(fns) 


-0.000023 

-0.000024 

0. 

0. 

SESE 


-0.002263(12) 

-0.002357(82) 

0.00040 (13) 

-0.00002 (13) 

SEVP 


0.00108(21) 

0.00110(24) 

-0.000020 (28) 

0.000000 (3) 

VPVP 


-0.00207(11) 

-0.00214(11) 

-0.000035 (2) 

-0.000007 

REC 


0.000715 

0.000924 

-0.000005 

-0.000023 

RRM 


-0.000041 

-0.000047 

0. 

-0.000003 

NUCL 


-0.000045 (46) 

-0.000047 (48) 

-0.000001 (1) 

0. 

REC(fns) 


-0.000004 

-0.000006 (1) 

0. 

0. 

Total 


2.25859 (24)(3) 

2.54437 (28) (3) 

-0.06095 (13)(0) 

0.16365 (13)(0) 

Z = 33, 
SE(pnt) 

As, 

R = 4.0968 (20) fm, M/m = 136540 
2.406267(1) 2.702216(2) 

-0.054888 (2) 

0.166142(1) 

Ue(pnt) 


-0.239119 

-0.249161 

-0.004033 

-0.000638 

WK(pnt) 


0.002363 

0.002429 

0.000059 

0.000021 

FNS 


0.046988 (36)(45) 

0.049465 (38) (47) 

0.000557 (0)(1) 

0. 

SE(fns) 


-0.000305 

-0.000315 

0.000001 

0.000001 

Ue(fns) 


0.000176 

0.000184 

0.000001 

0. 

WK(fns) 


-0.000025 

-0.000026 

0. 

0. 

SESE 


-0.002334(13) 

-0.002441 (86) 

0.00040 (13) 

-0.00001 (13) 

SEVP 


0.00110(22) 

0.00112(25) 

-0.000020 (30) 

0.000001 (3) 

VPVP 


-0.00207(12) 

-0.00214(12) 

-0.000037 (2) 

-0.000007 

REC 


0.000724 

0.000939 

-0.000003 

-0.000022 

RRM 


-0.000039 

-0.000045 

0. 

-0.000003 

NUCL 


-0.000046 (47) 

-0.000049 (49) 

-0.000001 (1) 

0. 

REC(fns) 


-0.000004 

-0.000006 (1) 

0. 

0. 

Total 


2.21368 (25)(4) 

2.50217 (30)(5) 

-0.05796 (14) (0) 

0.16548 (13)(0) 

Z = 34, 

SE(pnt) 

«°Se, 

R = 4.1400 (18) fm, M/m = 145645 
2.362126(1) 2.661247(2) 

-0.051641 (1) 

0.168012(1) 

Ue(pnt) 


-0.239375 

-0.250061 

-0.004317 

-0.000673 

WK(pnt) 


0.002497 

0.002571 

0.000067 

0.000023 

FNS 


0.049000 (39) (41) 

0.051747 (41)(44) 

0.000620 (0)(1) 

0. 

SE(fns) 


-0.000329 

-0.000341 

0.000001 

0.000001 


21 


Ue(fns) 


0.000192 

0.000201 

0.000002 

0. 

WK(fns) 


-0.000028 

-0.000029 

0. 

0. 

SESE 


-0.002404 (14) 

-0.002524 (90) 

0.00041 (14) 

-0.00001 (14) 

SEVP 


0.00113(23) 

0.00115(27) 

-0.000019 (31) 

0.000001 (3) 

VPVP 


-0.00207(12) 

-0.00215(13) 

-0.000040 (2) 

-0.000008 

REC 


0.000696 

0.000906 

0. 

-0.000020 

RRM 


-0.000036 

-0.000041 

0. 

-0.000003 

NUCL 


-0.000048 (49) 

-0.000051 (52) 

-0.000001 (1) 

0. 

REC(fns) 


-0.000005 

-0.000006(1) 

0. 

0. 

Total 


2.17134 (27)(4) 

2.46262 (32)(4) 

-0.05492 (15)(0) 

0.16733 (14)(0) 

^ = 35, 
SE(pnt) 

"®Br, 

R = 4.1629 (21) fm, M/m = 143824 

2.319976 2.622336(1) 

-0.048342 

0.169901 (1) 

Ue(pnt) 


-0.239687 

-0.251042 

-0.004614 

-0.000709 

WK(pnt) 


0.002634 

0.002717 

0.000075 

0.000025 

FNS 


0.050634 (42) (49) 

0.053649 (44) (52) 

0.000683 (1)(1) 

0. 

SE(fns) 


-0.000351 

-0.000365 

0.000001 

0.000001 

Ue(fns) 


0.000208 

0.000219 

0.000002 

0. 

WK(fns) 


-0.000030 

-0.000031 

0. 

0. 

SESE 


-0.002471 (15) 

-0.002604 (93) 

0.000415 (76) 

0.00000(12) 

SEVP 


0.00115(24) 

0.00118 (28) 

-0.000019 (33) 

0.000001 (3) 

VPVP 


-0.00207(13) 

-0.00216(14) 

-0.000042 (3) 

-0.000008 (1) 

REC 


0.000723 

0.000944 

0.000003 

-0.000020 

RRM 


-0.000035 

-0.000041 

0. 

-0.000003 

NUCL 


-0.000050 (51) 

-0.000053 (54) 

-0.000001 (1) 

0. 

REC(fns) 


-0.000005 

-0.000007(1) 

0. 

0. 

Total 


2.13063 (28)(5) 

2.42474 (33) (5) 

-0.051840 (83)(1) 

0.16919 (12)(0) 

Z = 36, 
SE(pnt) 

^^Kr, 

R = 4.1884 (22) fm, M/m = 152925 

2.279697 2.585363 

-0.044991 

0.171807 

Ue(pnt) 


-0.240054 

-0.252105 

-0.004925 

-0.000746 

WK(pnt) 


0.002775 

0.002869 

0.000084 

0.000028 

FNS 


0.052411 (45)(53) 

0.055719 (48) (56) 

0.000752 (1)(1) 

0. 

SE(fns) 


-0.000375 

-0.000391 

0. 

0.000001 

Ue(fns) 


0.000225 

0.000237 

0.000002 

0. 

WK(fns) 


-0.000032 

-0.000034 

-0.000001 

0. 

SESE 


-0.002537(15) 

-0.002683 (97) 

0.000421 (80) 

0.00001 (13) 

SEVP 


0.00118(25) 

0.00121 (29) 

-0.000019 (34) 

0.000001 (3) 

VPVP 


-0.00208 (14) 

-0.00217(14) 

-0.000045 (3) 

-0.000009 (1) 

REC 


0.000697 

0.000913 

0.000005 

-0.000018 

RRM 


-0.000032 

-0.000038 

0. 

-0.000003 

NUCL 


-0.000026 (14) 

-0.000028 (14) 

0. 

0. 

REC(fns) 


-0.000005 

-0.000007(1) 

0. 

0. 

Total 


2.09184 (29)(5) 

2.38886 (35)(6) 

-0.048716 (87)(1) 

0.17107 (13)(0) 

Z = 37, 
SE(pnt) 

»®Rb, 

R = 4.2036 (24) fm, M/; 
2.241179(1) 

m = 154747 

2.550220 (2) 

-0.041586 (2) 

0.173729(1) 

Ue(pnt) 


-0.240477 

-0.253251 

-0.005251 

-0.000784 

WK(pnt) 


0.002920 

0.003025 

0.000094 

0.000031 

FNS 


0.054019 (48)(59) 

0.057629 (51)(63) 

0.000823 (1)(1) 

0. 

SE(fns) 


-0.000398 

-0.000417 

0. 

0.000001 

Ue(fns) 


0.000242 

0.000257 

0.000003 

0. 

WK(fns) 


-0.000035 

-0.000037 

-0.000001 

0. 

SESE 


-0.002600 (16) 

-0.00276(10) 

0.000427(85) 

0.00001 (14) 

SEVP 


0.00120(26) 

0.00124(31) 

-0.000018 (36) 

0.000002 (3) 

VPVP 


-0.00208(15) 

-0.00218(15) 

-0.000048 (3) 

-0.000009 (1) 

REC 


0.000705 

0.000927 

0.000008 

-0.000017 

RRM 


-0.000031 

-0.000037 

0. 

-0.000003 

NUCL 


-0.000053 (54) 

-0.000057(58) 

-0.000001 (1) 

0. 

REC(fns) 


-0.000006 

-0.000007(1) 

0. 

0. 

Total 


2.05458 (31)(6) 

2.35455 (37) (6) 

-0.045550 (92)(1) 

0.17296 (14)(0) 

Z = 38, 
SE(pnt) 

®®Sr, R = 4.2240 (18) fm. M/m = 160204 

2.204321 (1) 2.516809(5) 

-0.038129 (2) 

0.175668(1) 

Ue(pnt) 


-0.240957 

-0.254480 

-0.005593 

-0.000823 
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WK(pnt) 

0.003068 

0.003185 

0.000104 

0.000034 

FNS 

0.055838 (52)(46) 

0.059782 (55) (49) 

0.000903 (1)(1) 

0. 

SE(fns) 

-0.000424 

-0.000446 

0. 

0.000001 

Ue(fns) 

0.000261 

0.000278 

0.000003 

0. 

WK(fns) 

-0.000037 

-0.000040 

-0.000001 

0. 

SESE 

-0.002663 (17) 

-0.00284(10) 

0.000433 (89) 

0.00002 (14) 

SEVP 

0.00123(28) 

0.00127(32) 

-0.000017(38) 

0.000002 (4) 

VP VP 

-0.00209 (15) 

-0.00219(16) 

-0.000051 (4) 

-0.000009 (1) 

REC 

0.000698 

0.000921 

0.000011 

-0.000015 

RRM 

-0.000029 

-0.000035 

0. 

-0.000003 

NUCL 

-0.000055 (56) 

-0.000059 (60) 

-0.000001 (1) 

0. 

REC(fns) 

-0.000006 

-0.000008 (1) 

0. 

0. 

Total 

2.01916 (32)(5) 

2.32215 (38)(5) 

-0.042337 (97)(1) 

0.17488 (14) (0) 

CO 

, R = 4.2430 (21) fm, M/m = 162026 



SE(pnt) 

2.169033(1) 

2.485039 (2) 

-0.034617(2) 

0.177624(1) 

Ue(pnt) 

-0.241494 

-0.255796 

-0.005950 

-0.000862 

WK(pnt) 

0.003221 

0.003351 

0.000116 

0.000037 

ENS 

0.057709 (55)(55) 

0.062013 (60)(59) 

0.000989 (1)(1) 

0. 

SE(fns) 

-0.000451 

-0.000477 

0. 

0.000001 

Ue(fns) 

0.000282 

0.000301 

0.000004 

0. 

WK(fns) 

-0.000040 

-0.000043 

-0.000001 

0. 

SESE 

-0.002723 (18) 

-0.00291 (11) 

0.000439 (94) 

0.00003 (15) 

SEVP 

0.00125(29) 

0.00130(34) 

-0.000017(39) 

0.000003 (4) 

VP VP 

-0.00209 (16) 

-0.00220(17) 

-0.000054(4) 

-0.000010(1) 

REC 

0.000706 

0.000935 

0.000014 

-0.000014 

RRM 

-0.000028 

-0.000034 

0. 

-0.000003 

NUCL 

-0.000057(58) 

-0.000061 (62) 

-0.000001 (1) 

0. 

REC(fns) 

-0.000006 

-0.000008 (1) 

0. 

0. 

Total 

1.98531 (34)(5) 

2.29141 (40) (6) 

-0.03908 (10)(0) 

0.17680 (15)(0) 

Z = A0,'- 

^°Zr, R = 4.2694 (10) fm, M/m = 163846 



SE(pnt) 

2.135228 

2.454829 (1) 

-0.031050 

0.179595 

Ue(pnt) 

-0.242087 

-0.257197 

-0.006323 

-0.000902 

WK(pnt) 

0.003377 

0.003522 

0.000129 

0.000040 

ENS 

0.059870 (59)(27) 

0.064578 (64)(29) 

0.001086 (1)(0) 

0. 

SE(fns) 

-0.000481 

-0.000511 (1)(0) 

-0.000001 

0. 

Ue(fns) 

0.000304 

0.000326 

0.000004 

0. 

WK(fns) 

-0.000043 

-0.000046 

-0.000001 

0. 

SESE 

-0.002783 (13) 

-0.00299(11) 

0.000445 (99) 

0.00004(16) 

SEVP 

0.00128 (30) 

0.00134(35) 

-0.000016(41) 

0.000003 (4) 

VP VP 

-0.00210(17) 

-0.00221 (18) 

-0.000058 (5) 

-0.000010(1) 

REC 

0.000715 

0.000950 

0.000017 

-0.000013 

RRM 

-0.000027 

-0.000033 

0. 

-0.000003 

NUCL 

-0.000059 (60) 

-0.000064(65) 

-0.000001 (1) 

0. 

REC(fns) 

-0.000007 

-0.000008 (1) 

0. 

0. 

Total 

1.95319 (35)(3) 

2.26248 (42) (3) 

-0.03577 (11)(0) 

0.17875 (16)(0) 

Z = 41, ' 

”Nb, R = 4.3240 (17) fm, M/- 

m = 169317 



SE(pnt) 

2.102831 (1) 

2.426099 (3) 

-0.027425 (1) 

0.181580(1) 

Ue(pnt) 

-0.242739 

-0.258688 

-0.006714 

-0.000943 

WK(pnt) 

0.003538 

0.003698 

0.000143 

0.000044 

ENS 

0.062919 (64)(47) 

0.068130 (69)(51) 

0.001207 (1)(1) 

0. 

SE(fns) 

-0.000519 (1)(0) 

-0.000554 (1)(0) 

-0.000001 

0. 

Ue(fns) 

0.000332 

0.000358 

0.000005 

0. 

WK(fns) 

-0.000047 

-0.000051 

-0.000001 

0. 

SESE 

-0.002842 (14) 

-0.00307(11) 

0.00045 (10) 

0.00004(17) 

SEVP 

0.00130(31) 

0.00137(37) 

-0.000015(43) 

0.000004 (4) 

VP VP 

-0.00210(18) 

-0.00222(19) 

-0.000061 (5) 

-0.000011 (1) 

REC 

0.000707 

0.000944 

0.000020 

-0.000011 

RRM 

-0.000026 

-0.000031 

0. 

-0.000003 

NUCL 

-0.000062 (63) 

-0.000067 (68) 

-0.000001 (1) 

0. 

REC(fns) 

-0.000007(1) 

-0.000008 (1) 

0. 

0. 

Total 

1.92329 (37)(5) 

2.23591 (44) (5) 

-0.03239 (11)(0) 

0.18070 (17)(0) 
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II 

®®Mo, R = 4.4091 (18) fm, M/'. 

m = 178428 



SE(pnt) 

2.071767(1) 

2.398783 (3) 

-0.023742 (1) 

0.183580(1) 

Ue(pnt) 

-0.243449 

-0.260268 

-0.007123 

-0.000985 

WK(pnt) 

0.003702 

0.003880 

0.000158 

0.000048 

FNS 

0.067011 (68)(52) 

0.072850 (74) (57) 

0.001359 (1)(1) 

0. 

SE(fns) 

-0.000568 (1)(0) 

-0.000609 (1)(0) 

-0.000002 

0. 

Ue(fns) 

0.000366 

0.000396 

0.000006 

0. 

WK(fns) 

-0.000052 

-0.000056 

-0.000001 

0. 

SESE 

-0.002901 (15) 

-0.00314(11) 

0.00046(11) 

0.00005 (17) 

SEVP 

0.00133 (32) 

0.00141 (38) 

-0.000014 (45) 

0.000005 (4) 

VP VP 

-0.00211 (19) 

-0.00224(20) 

-0.000065 (6) 

-0.000011 (1) 

REC 

0.000686 

0.000919 

0.000022 

-0.000009 

RRM 

-0.000024 

-0.000029 

0. 

-0.000002 

NUCL 

-0.000066 (67) 

-0.000072 (73) 

-0.000001 (1) 

0. 

REC(fns) 

-0.000007(1) 

-0.000008 (2) 

0. 

0. 

Total 

1.89569 (39)(5) 

2.21181 (46)(6) 

-0.02895 (12)(0) 

0.18267 (17)(0) 

CO 

®®Tc, R = 4.424 (44) fm, M/m 

= 178431 



SE(pnt) 

2.041972(1) 

2.372814(3) 

-0.020000 (2) 

0.185594(1) 

Ue(pnt) 

-0.244218 

-0.261941 

-0.007550 

-0.001028 

WK(pnt) 

0.003871 

0.004067 

0.000174 

0.000052 

FNS 

0.0692 (1)(13) 

0.0756 (1)(14) 

0.001482 (1)(28) 

0. 

SE(fns) 

-0.000603 (1)(11) 

-0.000650 (1)(12) 

-0.000002 

0. 

Ue(fns) 

0.000393 (0)(7) 

0.000427 (0)(8) 

0.000007 

0. 

WK(fns) 

-0.000056 (0)(1) 

-0.000060 (0)(1) 

-0.000001 

0. 

SESE 

-0.002958 (16) 

-0.00322(12) 

0.00046(11) 

0.00006 (18) 

SEVP 

0.00136 (34) 

0.00144 (40) 

-0.000013 (47) 

0.000006 (4) 

VPVP 

-0.00212(20) 

-0.00225 (21) 

-0.000069 (7) 

-0.000012(1) 

REC 

0.000702 

0.000943 

0.000025 

-0.000008 

RRM 

-0.000024 

-0.000029 

0. 

-0.000002 

NUCL 

-0.000068 (69) 

-0.000075 (76) 

-0.000001 (1) 

0. 

REC(fns) 

-0.000007(1) 

-0.000008 (2) 

0. 

0. 

Total 

1.8675 (4)(13) 

2.1871 (5)(14) 

-0.02549 (12)(3) 

0.18466 (18)(0) 

II 

i°^Ru, R = 4.4809 (18) fm. M/m = 185716 



SE(pnt) 

2.013383(1) 

2.348134(3) 

-0.016196 (2) 

0.187622(1) 

Ue(pnt) 

-0.245047 

-0.263708 

-0.007998 

-0.001071 

WK(pnt) 

0.004045 

0.004261 

0.000191 

0.000056 

FNS 

0.072885 (78)(55) 

0.079890 (85)(61) 

0.001645 (2)(1) 

0. 

SE(fns) 

-0.000651 (1)(0) 

-0.000705 (1)(1) 

-0.000003 

-0.000001 

Ue(fns) 

0.000429 

0.000468 

0.000008 

0. 

WK(fns) 

-0.000061 

-0.000066 

-0.000002 

0. 

SESE 

-0.003014(16) 

-0.00329(12) 

0.00047(12) 

0.00006 (19) 

SEVP 

0.00139 (35) 

0.00148 (42) 

-0.000011 (49) 

0.000006 (4) 

VPVP 

-0.00212(21) 

-0.00227(22) 

-0.000073 (7) 

-0.000012(1) 

REC 

0.000689 

0.000930 

0.000028 

-0.000007 

RRM 

-0.000022 

-0.000027 

0. 

-0.000002 

NUCL 

-0.000045 (23) 

-0.000049 (25) 

-0.000001 

0. 

REC(fns) 

-0.000008 (1) 

-0.000009 (2) 

0. 

0. 

Total 

1.84184 (42)(6) 

2.16504 (50) (6) 

-0.02194 (13)(0) 

0.18665 (19)(0) 

Z = 45, 

i“Rh, R = 4.4945 (23) fm, M/ 

m = 187540 



SE(pnt) 

1.985944 

2.324690 (1) 

-0.012330 

0.189663 

Ue(pnt) 

-0.245937 

-0.265571 

-0.008466 

-0.001116 

WK(pnt) 

0.004223 

0.004460 

0.000210 

0.000061 

FNS 

0.075347 (83)(73) 

0.082943 (92)(80) 

0.001791 (2)(2) 

0. 

SE(fns) 

-0.000690 (1)(1) 

-0.000751 (1)(1) 

-0.000004 

-0.000001 

Ue(fns) 

0.000460 (1)(0) 

0.000504 (1)(0) 

0.000009 

0. 

WK(fns) 

-0.000065 

-0.000070 

-0.000002 

0. 

SESE 

-0.003070 (17) 

-0.00336 (12) 

0.00047(13) 

0.00007 (20) 

SEVP 

0.00141 (36) 

0.00152 (43) 

-0.000010 (52) 

0.000007 (4) 

VPVP 

-0.00213(22) 

-0.00229 (23) 

-0.000077(8) 

-0.000013(1) 

REC 

0.000698 

0.000945 

0.000031 

-0.000006 

RRM 

-0.000021 

-0.000026 

0. 

-0.000002 
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NUCL 

-0.000074 (75) 

-0.000082 (83) 

-0.000002 (2) 

0. 

REC(fns) 

-0.000008 (1) 

-0.000009 (2) 

0. 

0. 

Total 

1.81609 (44)(7) 

2.14290 (52) (8) 

-0.01838 (14)(0) 

0.18866 (20) (0) 

Z = 46, 

^°®Pd, R = 4.5318 (29) fm, M/- 

m = 193004 



SE(pnt) 

1.959602(1) 

2.302427(2) 

-0.008399(1) 

0.191717(1) 

Ue(pnt) 

-0.246888 

-0.267532 

-0.008955 

-0.001161 

WK(pnt) 

0.004405 

0.004665 

0.000230 

0.000066 

ENS 

0.078706 (89)(95) 

0.08702 (10)(10) 

0.001970 (2)(2) 

0. 

SE(fns) 

-0.000739 (1)(1) 

-0.000809 (1)(1) 

-0.000005 

-0.000001 

Ue(fns) 

0.000498 (1)(1) 

0.000548 (1)(1) 

0.000010 

0. 

WK(fns) 

-0.000070 

-0.000076 

-0.000002 

0. 

SESE 

-0.003124(18) 

-0.00344(13) 

0.00048 (13) 

0.00007(21) 

SEVP 

0.00144(38) 

0.00156 (45) 

-0.000008 (54) 

0.000008 (4) 

VP VP 

-0.00214(23) 

-0.00230(25) 

-0.000081 (9) 

-0.000013(1) 

REC 

0.000693 

0.000942 

0.000034 

-0.000004 

RRM 

-0.000020 

-0.000025 

0. 

-0.000002 

NUCL 

-0.000078 (79) 

-0.000086 (87) 

-0.000002 (2) 

0. 

REC(fns) 

-0.000009 (1) 

-0.000009 (2) 

-0.000001 

0. 

Total 

1.79228 (46)(9) 

2.12288 (55)(10) 

-0.01473 (14)(0) 

0.19068 (21)(0) 

Z = 47, 

^°^Ag, R = 4.5454 (31) fm, M/ 

m = 194829 



SE(pnt) 

1.934308(1) 

2.281302(1) 

-0.004401 (1) 

0.193783(1) 

Ue(pnt) 

-0.247902 

-0.269595 

-0.009467 

-0.001206 

WK(pnt) 

0.004592 

0.004877 

0.000252 

0.000071 

ENS 

0.08145 (9)(10) 

0.09045 (11)(12) 

0.002144 (2) (3) 

0. 

SE(fns) 

-0.000783 (1)(1) 

-0.000862 (1)(1) 

-0.000006 

-0.000002 

Ue(fns) 

0.000534 (1)(1) 

0.000591 (1)(1) 

0.000011 

0. 

WK(fns) 

-0.000074 

-0.000082 

-0.000002 

0. 

SESE 

-0.003178(19) 

-0.00351 (13) 

0.00048 (14) 

0.00008 (22) 

SEVP 

0.00147(39) 

0.00160 (47) 

-0.000007(56) 

0.000009 (4) 

VP VP 

-0.00215 (24) 

-0.00232 (26) 

-0.00009(1) 

-0.000014(2) 

REC 

0.000701 

0.000957 

0.000038 

-0.000003 

RRM 

-0.000020 

-0.000025 

0. 

-0.000002 

NUCL 

-0.000081 (81) 

-0.000090 (90) 

-0.000002 (2) 

0. 

REC(fns) 

-0.000009 (1) 

-0.000010(2) 

-0.000001 

0. 

Total 

1.76885 (48)(10) 

2.10328 (57) (12) 

-0.01104 (15)(0) 

0.19271 (22)(0) 

00 

II 

“^Cd, R = 4.5944 (24) fm, M/ 

m = 203938 



SE(pnt) 

1.910017(1) 

2.261271 (1) 

-0.000335 (2) 

0.195861 (1) 

Ue(pnt) 

-0.248981 

-0.271762 

-0.010003 

-0.001253 

WK(pnt) 

0.004784 

0.005096 

0.000276 

0.000076 

ENS 

0.08555 (10)(8) 

0.09545 (11)(9) 

0.002367 (3) (2) 

0. 

SE(fns) 

-0.000843 (1)(1) 

-0.000933 (1)(1) 

-0.000007 

-0.000002 

Ue(fns) 

0.000579 (1)(1) 

0.000643 (1)(1) 

0.000013 

0. 

WK(fns) 

-0.000080 

-0.000089 

-0.000003 

0. 

SESE 

-0.003232(19) 

-0.00359 (13) 

0.00049 (14) 

0.00008 (23) 

SEVP 

0.00150 (41) 

0.00164 (49) 

-0.000005 (59) 

0.000010 (5) 

VP VP 

-0.00216(25) 

-0.00234(27) 

-0.000091 (11) 

-0.000014(2) 

REC 

0.000685 

0.000938 

0.000040 

-0.000001 

RRM 

-0.000018 

-0.000023 

0. 

-0.000002 

NUCL 

-0.000048 (25) 

-0.000054(27) 

-0.000001 (1) 

0. 

REC(fns) 

-0.000010(1) 

-0.000010(1) 

-0.000001 

0. 

Total 

1.74775 (49) (8) 

2.08624 (59) (9) 

-0.00726 (15)(0) 

0.19475 (23) (0) 

Z = 49, 

“®In, R = 4.6156 (26) fm. M/m = 209408 



SE(pnt) 

1.886685(1) 

2.242295(1) 

0.003802 (2) 

0.197952(1) 

Ue(pnt) 

-0.250124 

-0.274035 

-0.010564 

-0.001301 

WK(pnt) 

0.004981 

0.005322 

0.000301 

0.000082 

ENS 

0.08889 (11)(9) 

0.09964 (12)(10) 

0.002584 (3) (3) 

0. 

SE(fns) 

-0.000897 (1)(1) 

-0.000998 (1)(1) 

-0.000009 

-0.000003 

Ue(fns) 

0.000624 (1)(1) 

0.000696 (1)(1) 

0.000015 

0. 

WK(fns) 

-0.000086 

-0.000095 

-0.000003 

0. 

SESE 

-0.003285 (20) 

-0.00366 (14) 

0.00049 (15) 

0.00008 (24) 

SEVP 

0.00154(42) 

0.00168 (51) 

-0.000003(61) 

0.000012 (5) 
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VPVP 

-0.00218(26) 

-0.00236 (28) 

-0.000096(12) 

-0.000015 (2) 

REC 

0.000681 

0.000937 

0.000043 

0. 

RRM 

-0.000018 

-0.000022 

0. 

-0.000002 

NUCL 

-0.000088 (89) 

-0.00010(10) 

-0.000003 (3) 

0. 

REC(fns) 

-0.000010 (1) 

-0.000011 (1) 

-0.000001 (1) 

0. 

Total 

1.72671 (51)(9) 

2.06928 (62) (10) 

-0.00344 (16) (0) 

0.19681 (24) (0) 

Z = 50, 

^^°Sn, R = 4.6519 (21) fm, M/ 

m = 218518 



SE(pnt) 

1.864274 

2.224338 (1) 

0.008012 

0.200054 

Ue(pnt) 

-0.251334 

-0.276418 

-0.011150 

-0.001349 

WK(pnt) 

0.005183 

0.005554 

0.000329 

0.000088 

FNS 

0.09296 (11)(8) 

0.10470 (13)(9) 

0.002836 (3) (2) 

0. 

SE(fns) 

-0.000960 (1)(1) 

-0.001074 (1)(1) 

-0.000011 

-0.000003 

Ue(fns) 

0.000674 (1)(1) 

0.000756 (1)(1) 

0.000017 

0. 

WK(fns) 

-0.000092 

-0.000103 

-0.000003 

0. 

SESE 

-0.003337(13) 

-0.00374(14) 

0.00050(15) 

0.00008 (25) 

SEVP 

0.00157(44) 

0.00173 (53) 

0.000000 (64) 

0.000013 (5) 

VPVP 

-0.00219(27) 

-0.00238 (30) 

-0.000101 (13) 

-0.000015 (2) 

REC 

0.000667 

0.000920 

0.000046 

0.000001 

RRM 

-0.000017 

-0.000021 

0. 

-0.000002 

NUCL 

-0.000092 (93) 

-0.00010(10) 

-0.000003 (3) 

0. 

REC(fns) 

-0.000011 (1) 

-0.000012(1) 

-0.000001 (1) 

0. 

Total 

1.70729 (53)(8) 

2.05414 (64) (9) 

0.00047 (17) (0) 

0.19887 (25)(0) 

Z = 51, 

Sb, R = 4.6802 (26) fm, M/ 

m = 220343 



SE(pnt) 

1.842748 (1) 

2.207363 (1) 

0.012298(1) 

0.202166(1) 

Ue(pnt) 

-0.252612 

-0.278915 

-0.011764 

-0.001398 

WK(pnt) 

0.005390 

0.005795 

0.000358 

0.000094 

FNS 

0.09694 (12)(10) 

0.10972 (14)(11) 

0.003103 (4) (3) 

0. 

SE(fns) 

-0.001024 (1)(1) 

-0.001153 (1)(1) 

-0.000012 

-0.000004 

Ue(fns) 

0.000726 (1)(1) 

0.000819 (1)(1) 

0.000019 

0. 

WK(fns) 

-0.000099 

-0.000110 

-0.000004 

0. 

SESE 

-0.003391 (14) 

-0.00382 (14) 

0.00050(16) 

0.00009 (26) 

SEVP 

0.00160(45) 

0.00178 (55) 

0.000002 (67) 

0.000014(5) 

VPVP 

-0.00220 (28) 

-0.00241 (31) 

-0.000106(14) 

-0.000016(2) 

REC 

0.000675 

0.000936 

0.000050 

0.000002 

RRM 

-0.000016 

-0.000020 

0. 

-0.000002 

NUCL 

-0.000096 (97) 

-0.00011 (11) 

-0.000003 (3) 

0. 

REC(fns) 

-0.000011 (2) 

-0.000012 (3) 

-0.000001 (1) 

0. 

Total 

1.68863 (55)(10) 

2.03986 (67) (11) 

0.00444 (17) (0) 

0.20094 (26) (0) 

Z = 52, 

^®°Te, R = 4.7423 (25) fm, M/: 

m = 236752 



SE(pnt) 

1.822071 (1) 

2.191343(1) 

0.016663(1) 

0.204290 (1) 

Ue(pnt) 

-0.253959 

-0.281528 

-0.012407 

-0.001448 

WK(pnt) 

0.005603 

0.006043 

0.000390 

0.000100 

FNS 

0.10249 (13)(10) 

0.11657 (15)(11) 

0.003440 (4) (3) 

0. 

SE(fns) 

-0.001107 (1)(1) 

-0.001254 (2)(1) 

-0.000015 

-0.000005 

Ue(fns) 

0.000791 (1)(1) 

0.000896 (1)(1) 

0.000022 

0. 

WK(fns) 

-0.000107 

-0.000120 

-0.000004 

0. 

SESE 

-0.003445 (15) 

-0.00390(15) 

0.00051 (17) 

0.00009 (27) 

SEVP 

0.00163 (47) 

0.00182 (57) 

0.000005 (70) 

0.000015 (5) 

VPVP 

-0.00221 (30) 

-0.00243 (33) 

-0.000112(16) 

-0.000016 (2) 

REC 

0.000642 

0.000894 

0.000050 

0.000004 

RRM 

-0.000015 

-0.000019 

0. 

-0.000002 

NUCL 

-0.00010(10) 

-0.00012(12) 

-0.000003 (3) 

0. 

REC(fns) 

-0.000012(2) 

-0.000013 (3) 

-0.000001 (1) 

0. 

Total 

1.67227 (58)(10) 

2.02819 (70)(11) 

0.00853 (18)(0) 

0.20303 (27) (0) 

Z = 53, 

, R = 4.7500 (81) fm. M/m = 231280 



SE(pnt) 

1.802212(1) 

2.176247(1) 

0.021108(2) 

0.206425(1) 

Ue(pnt) 

-0.255378 

-0.284261 

-0.013079 

-0.001498 

WK(pnt) 

0.005821 

0.006299 

0.000424 

0.000107 

FNS 

0.10611 (14)(33) 

0.12131 (16)(38) 

0.003732 (5) (12) 

0. 

SE(fns) 

-0.001172 (2)(4) 

-0.001335 (2)(4) 

-0.000017 

-0.000006 

Ue(fns) 

0.000847 (1)(3) 

0.000964 (1)(3) 

0.000024 

0. 
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WK(fns) 

-0.000114 

-0.000128 

-0.000005 

0. 

SESE 

-0.003499 (15) 

-0.00398(15) 

0.00051 (17) 

0.00009 (28) 

SEVP 

0.00167(48) 

0.00187(59) 

0.000008 (73) 

0.000017(5) 

VPVP 

-0.00223(31) 

-0.00246 (34) 

-0.000118(17) 

-0.000017(3) 

REC 

0.000671 

0.000938 

0.000056 

0.000005 

RRM 

-0.000015 

-0.000019 

-0.000001 

-0.000002 

NUCL 

-0.00011 (11) 

-0.00012(12) 

-0.000004 (4) 

0. 

REC(fns) 

-0.000013 (2) 

-0.000014 (3) 

-0.000001 (1) 

0. 

Total 

1.65481 (60)(33) 

2.01532 (72) (38) 

0.01264 (19)(1) 

0.20512 (28)(0) 

Z = 54, 

R = 4.7859 (48) fm. M/m = 240392 



SE(pnt) 

1.783141 

2.162050 

0.025637 

0.208570 

Ue(pnt) 

-0.256869 

-0.287119 

-0.013784 

-0.001550 

WK(pnt) 

0.006045 

0.006564 

0.000460 

0.000114 

ENS 

0.11113 (15)(20) 

0.12771 (17)(24) 

0.004094 (5) (8) 

0. 

SE(fns) 

-0.001254 (2)(2) 

-0.001438 (2)(3) 

-0.000020 

-0.000007 

Ue(fns) 

0.000914 (1)(2) 

0.001047 (1)(2) 

0.000028 

0. 

WK(fns) 

-0.000122 

-0.000138 

-0.000005 

0. 

SESE 

-0.003552(16) 

-0.00406 (16) 

0.00051 (18) 

0.00008 (29) 

SEVP 

0.00171 (50) 

0.00193 (61) 

0.000011 (76) 

0.000018 (5) 

VPVP 

-0.00224 (32) 

-0.00248 (36) 

-0.000124(19) 

-0.000017(3) 

REC 

0.000660 

0.000926 

0.000059 

0.000006 

RRM 

-0.000014 

-0.000018 

-0.000001 

-0.000002 

NUCL 

-0.00011 (11) 

-0.00013(13) 

-0.000004 (4) 

0. 

REC(fns) 

-0.000014(2) 

-0.000015 (3) 

-0.000001 (1) 

0. 

Total 

1.63941 (62)(20) 

2.00482 (75) (24) 

0.01686 (20)(1) 

0.20722 (29) (0) 

Z = 55, 

^®®Cs, R = 4.8041 (46) fm, M/ 

m = 242217 



SE(pnt) 

1.764830 

2.148727(1) 

0.030253 

0.210725 

Ue(pnt) 

-0.258435 

-0.290105 

-0.014521 

-0.001602 

WK(pnt) 

0.006276 

0.006838 

0.000499 

0.000122 

ENS 

0.11564 (16)(20) 

0.13360 (18)(23) 

0.004459 (6) (8) 

0. 

SE(fns) 

-0.001334 (2)(2) 

-0.001539 (2)(3) 

-0.000023 

-0.000008 

Ue(fns) 

0.000982 (1)(2) 

0.001130 (2)(2) 

0.000031 

0. 

WK(fns) 

-0.000131 

-0.000149 

-0.000006 

0. 

SESE 

-0.003605 (17) 

-0.00415(16) 

0.00051 (19) 

0.00008 (30) 

SEVP 

0.00174(51) 

0.00198 (63) 

0.000014(80) 

0.000020 (5) 

VPVP 

-0.00226 (33) 

-0.00251 (37) 

-0.000131 (20) 

-0.000018 (3) 

REC 

0.000669 

0.000942 

0.000063 

0.000007 

RRM 

-0.000013 

-0.000018 

-0.000001 

-0.000002 

NUCL 

-0.00011 (12) 

-0.00013(13) 

-0.000004 (4) 

0. 

REC(fns) 

-0.000014(2) 

-0.000016 (3) 

-0.000001 (1) 

0. 

Total 

1.62424 (64)(20) 

1.99460 (78)(23) 

0.02115 (20)(1) 

0.20933 (30) (0) 

Z = 56, 

i®®Ba, R = 4.8378 (46) fm. M/m = 251330 



SE(pnt) 

1.747255(1) 

2.136255(1) 

0.034960 (1) 

0.212889(1) 

Ue(pnt) 

-0.260078 

-0.293224 

-0.015294 

-0.001655 

WK(pnt) 

0.006512 

0.007120 

0.000541 

0.000130 

ENS 

0.12111 (17)(21) 

0.14067 (20) (24) 

0.004887 (6) (8) 

0. 

SE(fns) 

-0.001427 (2)(2) 

-0.001657 (2)(3) 

-0.000027 

-0.000009 

Ue(fns) 

0.001059 (1)(2) 

0.001227 (2)(2) 

0.000036 

0. 

WK(fns) 

-0.000140 

-0.000160 

-0.000007 

0. 

SESE 

-0.003658 (17) 

-0.00423 (17) 

0.00052(19) 

0.00008 (31) 

SEVP 

0.00178 (53) 

0.00204 (65) 

0.000018(83) 

0.000022 (5) 

VPVP 

-0.00228 (35) 

-0.00254(39) 

-0.000138 (22) 

-0.000018 (3) 

REC 

0.000658 

0.000931 

0.000066 

0.000008 

RRM 

-0.000013 

-0.000017 

-0.000001 

-0.000002 

NUCL 

-0.00012(12) 

-0.00014(14) 

-0.000005 (5) 

0. 

REC(fns) 

-0.000015(2) 

-0.000017 (3) 

-0.000001 (1) 

0. 

Total 

1.61065 (67)(21) 

1.98626 (81) (24) 

0.02555 (21)(1) 

0.21144 (31)(0) 

Z = 57, 

i®'’La, R = 4.8550 (49) fm, M/ 

m = 253154 



SE(pnt) 

1.730389 (1) 

2.124616(1) 

0.039760(1) 

0.215063(1) 

Ue(pnt) 

-0.261800 

-0.296481 

-0.016103 

-0.001709 

WK(pnt) 

0.006755 

0.007413 

0.000586 

0.000138 
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FNS 

0.12611 (18)(23) 

0.14729 (21)(27) 

0.005322 (7)(10) 

0. 

SE(fns) 

-0.001517 (2)(3) 

-0.001773 (3) (3) 

-0.000031 

-0.000010 

Ue(fns) 

0.001137 (2)(2) 

0.001325 (2)(2) 

0.000040 

0. 

WK(fns) 

-0.000150 

-0.000172 

-0.000008 

0. 

SESE 

-0.003711 (18) 

-0.00432 (17) 

0.00052 (20) 

0.00007 (32) 

SEVP 

0.00182 (55) 

0.00210(67) 

0.000022 (87) 

0.000024 (5) 

VPVP 

-0.00229 (36) 

-0.00257(41) 

-0.000145 (24) 

-0.000019 (3) 

REC 

0.000668 

0.000949 

0.000070 

0.000010 

RRM 

-0.000012 

-0.000017 

-0.000001 

-0.000002 

NUCL 

-0.00013(13) 

-0.00015(15) 

-0.000005 (5) 

0. 

REC(fns) 

-0.000016(2) 

-0.000019 (3) 

-0.000001 (1) 

0. 

Total 

1.59725 (69) (23) 

1.97819 (85)(27) 

0.03002 (22)(1) 

0.21357 (32)(0) 

^ = 58, 

^'‘“Ce, R = 4.8771 (18) fm, M/ 

m = 254974 



SE(pnt) 

1.714211 (1) 

2.113791 (2) 

0.044659 (1) 

0.217247(1) 

Ue(pnt) 

-0.263603 

-0.299881 

-0.016951 

-0.001764 

WK(pnt) 

0.007004 

0.007715 

0.000634 

0.000147 

FNS 

0.13162 (19)(9) 

0.15459 (22)(10) 

0.005807 (8) (4) 

0. 

SE(fns) 

-0.001617 (2)(1) 

-0.001902 (3)(1) 

-0.000035 

-0.000012 

Ue(fns) 

0.001223 (2)(1) 

0.001433 (2)(1) 

0.000045 

-0.000001 

WK(fns) 

-0.000160 

-0.000184 

-0.000008 

0. 

SESE 

-0.003764(18) 

-0.00441 (18) 

0.00052 (21) 

0.00006 (33) 

SEVP 

0.00186 (56) 

0.00216(70) 

0.000027(91) 

0.000025 (5) 

VPVP 

-0.00231 (38) 

-0.00260 (43) 

-0.000153 (26) 

-0.000020 (4) 

REC 

0.000677 

0.000966 

0.000075 

0.000011 

RRM 

-0.000012 

-0.000016 

-0.000001 

-0.000002 

NUCL 

-0.00013(13) 

-0.00015(15) 

-0.000006 (6) 

0. 

REC(fns) 

-0.000017(2) 

-0.000020 (3) 

-0.000001 (2) 

0. 

Total 

1.58498 (72)(9) 

1.97148 (88)(10) 

0.03461 (23) (0) 

0.21570 (33)(0) 

Z = 59, 

^‘‘^Pr, R = 4.8919 (50) fm. M/m = 256800 



SE(pnt) 

1.698700(1) 

2.103763 (3) 

0.049658(1) 

0.219439(1) 

Ue(pnt) 

-0.265490 

-0.303429 

-0.017841 

-0.001820 

WK(pnt) 

0.007260 

0.008028 

0.000685 

0.000156 

FNS 

0.13707 (20)(25) 

0.16191 (24)(30) 

0.006320 (9) (12) 

0. 

SE(fns) 

-0.001719 (3)(3) 

-0.002036 (3)(4) 

-0.000040 

-0.000013 

Ue(fns) 

0.001313 (2)(2) 

0.001547 (2)(3) 

0.000051 

-0.000001 

WK(fns) 

-0.000170 

-0.000197 

-0.000009 

0. 

SESE 

-0.003818(19) 

-0.00450(18) 

0.00052 (22) 

0.00005 (34) 

SEVP 

0.00190(58) 

0.00222 (72) 

0.000031 (95) 

0.000027 (6) 

VPVP 

-0.00233 (39) 

-0.00264 (45) 

-0.000161 (29) 

-0.000020 (4) 

REC 

0.000687 

0.000985 

0.000080 

0.000012 

RRM 

-0.000012 

-0.000016 

-0.000001 

-0.000002 

NUCL 

-0.00014(14) 

-0.00016(16) 

-0.000006 (6) 

0. 

REC(fns) 

-0.000019 (2) 

-0.000022 (3) 

-0.000002 (2) 

0. 

Total 

1.57323 (74)(25) 

1.96546 (91)(30) 

0.03928 (24) (1) 

0.21783 (34) (0) 

Z = 60, 

^‘‘^Nd, R = 4.9123 (25) fm, M/ 

m = 258622 



SE(pnt) 

1.683836 

2.094518(1) 

0.054763 

0.221641 

Ue(pnt) 

-0.267463 

-0.307130 

-0.018773 

-0.001876 

WK(pnt) 

0.007523 

0.008351 

0.000740 

0.000165 

FNS 

0.14311 (22)(13) 

0.17004 (26) (16) 

0.006894 (10) (6) 

0. 

SE(fns) 

-0.001831 (3)(2) 

-0.002184 (3)(2) 

-0.000046 

-0.000015 

Ue(fns) 

0.001411 (2)(1) 

0.001673 (3)(2) 

0.000057 

-0.000001 

WK(fns) 

-0.000182 

-0.000212 

-0.000010 

0. 

SESE 

-0.003871 (6) 

-0.00459 (16) 

0.00052 (17) 

0.00004 (33) 

SEVP 

0.00195 (60) 

0.00229 (74) 

0.000037(99) 

0.000030 (6) 

VPVP 

-0.00235 (41) 

-0.00267(47) 

-0.000169(31) 

-0.000021 (4) 

REC 

0.000697 

0.001003 

0.000085 

0.000014 

RRM 

-0.000011 

-0.000016 

-0.000001 

-0.000002 

NUCL 

-0.000067 (34) 

-0.000081 (41) 

-0.000003 (2) 

0. 

REC(fns) 

-0.000020 (2) 

-0.000023 (3) 

-0.000002 (2) 

0. 

Total 

1.56273 (76)(13) 

1.96096 (93)(16) 

0.04409 (20) (1) 

0.21998 (33) (0) 

Z = 61, 

^‘‘^Pm, R = 4.962 (50) fm. M/m = 264099 
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SE(pnt) 

1.669602 (1) 

2.086040 (3) 

0.059979 (1) 

0.223851 (1) 

Ue(pnt) 

-0.269525 

-0.310992 

-0.019751 

-0.001933 

WK(pnt) 

0.007794 

0.008686 

0.000799 

0.000175 

FNS 

0.1511 (2)(27) 

0.1806 (3)(32) 

0.00760 (1)(14) 

0. 

SE(fns) 

-0.001972 (3)(35) 

-0.002368 (4)(42) 

-0.000053 (0)(1) 

-0.000017 (0)(1) 

Ue(fns) 

0.001530 (2)(27) 

0.001826 (3)(33) 

0.000065 (0)(1) 

-0.000001 

WK(fns) 

-0.000196 (0)(4) 

-0.000230 (0)(4) 

-0.000012 

-0.000001 

SESE 

-0.003926 (19) 

-0.00469 (17) 

0.00051 (17) 

0.00002 (34) 

SEVP 

0.00199 (62) 

0.00236 (77) 

0.00004 (10) 

0.000032 (6) 

VPVP 

-0.00237(42) 

-0.00271 (49) 

-0.000178 (34) 

-0.000021 (4) 

REC 

0.000698 

0.001008 

0.000089 

0.000015 

RRM 

-0.000011 

-0.000015 

-0.000001 

-0.000002 

NUCL 

-0.00015(15) 

-0.00018(18) 

-0.000008 (8) 

0. 

REC(fns) 

-0.000021 (5) 

-0.000025 (6) 

-0.000002 (2) 

0. 

Total 

1.5545 (8)(27) 

1.9593 (10)(32) 

0.04908 (20) (14) 

0.22212 (34)(0) 

Z = 62, 

^®^Sm, R = 5.0819 (60) fm, M/ 

'm = 276871 



SE(pnt) 

1.655980(1) 

2.078321 (3) 

0.065309(1) 

0.226069(1) 

Ue(pnt) 

-0.271679 

-0.315021 

-0.020777 

-0.001992 

WK(pnt) 

0.008072 

0.009034 

0.000862 

0.000185 

FNS 

0.16354 (24)(34) 

0.19665 (29) (41) 

0.008590 (12)(18) 

0. 

SE(fns) 

-0.002177 (3)(5) 

-0.002633 (4)(6) 

-0.000062 

-0.000020 

Ue(fns) 

0.001693 (3)(4) 

0.002033 (3)(4) 

0.000075 

-0.000001 

WK(fns) 

-0.000217 

-0.000255 (1)(1) 

-0.000014 

-0.000001 

SESE 

-0.003980 (20) 

-0.00479 (17) 

0.00050(18) 

0.00000 (35) 

SEVP 

0.00204 (63) 

0.00243 (80) 

0.00005(11) 

0.000034 (6) 

VPVP 

-0.00240 (44) 

-0.00275 (51) 

-0.000187(37) 

-0.000022 (4) 

REC 

0.000681 

0.000988 

0.000091 

0.000016 

RRM 

-0.000010 

-0.000014 

-0.000001 

-0.000002 

NUCL 

-0.00016(16) 

-0.00020 (20) 

-0.000009 (9) 

0. 

REC(fns) 

-0.000022 (5) 

-0.000026 (6) 

-0.000002 (2) 

0. 

Total 

1.55136 (83)(34) 

1.9638 (10)(4) 

0.05443 (21) (2) 

0.22427 (35) (0) 

Z = 63, 

i®®Eu, R = 5.1115 (62) fm. M/m = 278695 



SE(pnt) 

1.642954(1) 

2.071348 (3) 

0.070759 (1) 

0.228296(1) 

Ue(pnt) 

-0.273929 

-0.319223 

-0.021854 

-0.002051 

WK(pnt) 

0.008359 

0.009393 

0.000929 

0.000196 

FNS 

0.17150 (26)(37) 

0.20749 (31) (45) 

0.009401 (13)(20) 

0. 

SE(fns) 

-0.002328 (3)(5) 

-0.002836 (4)(6) 

-0.000071 

-0.000022 

Ue(fns) 

0.001825 (3)(4) 

0.002206 (3)(5) 

0.000085 

-0.000001 

WK(fns) 

-0.000232 

-0.000275 (1)(1) 

-0.000015 

-0.000001 

SESE 

-0.004036 (21) 

-0.00490(18) 

0.00050(18) 

-0.00002 (36) 

SEVP 

0.00208 (65) 

0.00250 (82) 

0.00005(11) 

0.000036 (6) 

VPVP 

-0.00242 (46) 

-0.00279 (53) 

-0.000197(40) 

-0.000023 (5) 

REC 

0.000691 

0.001007 

0.000096 

0.000017 

RRM 

-0.000010 

-0.000014 

-0.000001 

-0.000002 

NUCL 

-0.00017(17) 

-0.00021 (21) 

-0.000009 (9) 

0. 

REC(fns) 

-0.000023 (5) 

-0.000028 (6) 

-0.000002 (3) 

0. 

Total 

1.54426 (86)(37) 

1.9637 (11) (4) 

0.05967 (22) (2) 

0.22642 (36) (0) 

Z = 64, 

^®®Gd, R = 5.1569 (43) fm, M/ 

m = 287814 



SE(pnt) 

1.630511 (1) 

2.065114(2) 

0.076333 (1) 

0.230531 (1) 

Ue(pnt) 

-0.276277 

-0.323605 

-0.022984 

-0.002111 

WK(pnt) 

0.008653 

0.009766 

0.001001 

0.000207 

FNS 

0.18090 (27)(27) 

0.22023 (33)(32) 

0.010346 (15)(15) 

0. 

SE(fns) 

-0.002503 (4)(4) 

-0.003071 (5)(5) 

-0.000081 

-0.000025 

Ue(fns) 

0.001976 (3)(3) 

0.002404 (4)(4) 

0.000097 

-0.000001 

WK(fns) 

-0.000249 (1)(0) 

-0.000297 (1)(0) 

-0.000017 

-0.000001 

SESE 

-0.004092 (21) 

-0.00500(19) 

0.00049 (19) 

-0.00005 (37) 

SEVP 

0.00213 (67) 

0.00258 (85) 

0.00006(12) 

0.000039 (6) 

VPVP 

-0.00245 (48) 

-0.00283 (55) 

-0.000207(43) 

-0.000023 (5) 

REC 

0.000684 

0.001002 

0.000099 

0.000018 

RRM 

-0.000010 

-0.000014 

-0.000001 

-0.000002 

NUCL 

-0.000183 (92) 

-0.00022(11) 

-0.000010(5) 

0. 
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REC(fns) 

-0.000024 (5) 

-0.000030 (6) 

-0.000002 (3) 

0.000000(1) 

Total 

1.53907 (87)(27) 

1.9660 (11) (3) 

0.06513 (23)(2) 

0.22858 (37) (0) 

Z = 65, 

i^'^Tb, R = 5.06 (15) fm. M/m 

= 289638 



SE(pnt) 

1.618636 

2.059611 (1) 

0.082038 

0.232773 

Ue(pnt) 

-0.278727 

-0.328177 

-0.024172 

-0.002172 

WK(pnt) 

0.008956 

0.010152 

0.001078 

0.000218 

FNS 

0.1818 (3)(95) 

0.223 (0)(12) 

0.01085 (2)(57) 

0. 

SE(fns) 

-0.00256 (0)(13) 

-0.00317 (1)(17) 

-0.000088(0) (5) 

-0.000027 (0)(3) 

Ue(fns) 

0.00206 (0)(11) 

0.00252 (0)(13) 

0.000105 (0)(5) 

-0.000001 

WK(fns) 

-0.000255 (1)(13) 

-0.000306 (1)(16) 

-0.000018 (0)(1) 

-0.000001 

SESE 

-0.004149 (22) 

-0.00511 (19) 

0.00049 (20) 

-0.00007(38) 

SEVP 

0.00218 (69) 

0.00266 (88) 

0.00007(12) 

0.000041 (6) 

VP VP 

-0.00247 (49) 

-0.00288 (58) 

-0.000218(46) 

-0.000024(5) 

REC 

0.000696 

0.001023 

0.000105 

0.000019 

RRM 

-0.000009 

-0.000013 

-0.000001 

-0.000002 

NUCL 

-0.00018(18) 

-0.00022 (22) 

-0.000011 (11) 

0. 

REC(fns) 

-0.000026 (5) 

-0.000033 (6) 

-0.000002 (3) 

0.000000 (1) 

Total 

1.5260 (9)(95) 

1.959 (1)(12) 

0.07022 (24) (57) 

0.23075 (38) (0) 

Z = 66, 

^“Dy, R = 5.207 (17) fm. M/m = 295109 



SE(pnt) 

1.607319 

2.054832 

0.087878 

0.235023 

Ue(pnt) 

-0.281283 

-0.332945 

-0.025419 

-0.002233 

WK(pnt) 

0.009268 

0.010553 

0.001160 

0.000230 

FNS 

0.1988 (3)(12) 

0.2451 (4)(14) 

0.012366 (18)(72) 

0. 

SE(fns) 

-0.002854 (5)(17) 

-0.003554 (6)(21) 

-0.000104 (0)(1) 

-0.000031 

Ue(fns) 

0.002292 (4)(13) 

0.002825 (4)(16) 

0.000123 (0)(1) 

-0.000001 

WK(fns) 

-0.000283 (1)(2) 

-0.000342 (1)(2) 

-0.000021 

-0.000001 

SESE 

-0.004206 (23) 

-0.00522 (20) 

0.00048 (20) 

-0.00010(39) 

SEVP 

0.00224(71) 

0.00275 (91) 

0.00008(13) 

0.000044 (6) 

VP VP 

-0.00250(51) 

-0.00293 (60) 

-0.000229 (50) 

-0.000025 (6) 

REC 

0.000698 

0.001032 

0.000110 

0.000020 

RRM 

-0.000009 

-0.000013 

-0.000001 

-0.000002 

NUCL 

-0.00020(10) 

-0.00026 (13) 

-0.000012 (6) 

0. 

REC(fns) 

-0.000028 (5) 

-0.000035 (6) 

-0.000003 (4) 

0.000000 (1) 

Total 

1.5292 (9)(12) 

1.9718 (12)(14) 

0.07640 (25) (7) 

0.23293 (39) (0) 

Z = 67, 

^®®Ho, R = 5.202 (31) fm. M/m = 300583 



SE(pnt) 

1.596548(1) 

2.050773 (2) 

0.093862(1) 

0.237280(1) 

Ue(pnt) 

-0.283949 

-0.337919 

-0.026731 

-0.002296 

WK(pnt) 

0.009590 

0.010969 

0.001248 

0.000243 

FNS 

0.2064 (3)(22) 

0.2563 (4) (27) 

0.01339 (2)(14) 

0. 

SE(fns) 

-0.003017 (5)(32) 

-0.003786 (6)(40) 

-0.000117 (0)(1) 

-0.000034 (0)(1) 

Ue(fns) 

0.002452 (4)(26) 

0.003044 (5)(32) 

0.000137 (0)(1) 

-0.000001 

WK(fns) 

-0.000299 (1)(3) 

-0.000363 (1)(4) 

-0.000023 

-0.000001 

SESE 

-0.004265 (23) 

-0.00534(20) 

0.00047(21) 

-0.00012(41) 

SEVP 

0.00229 (73) 

0.00283 (94) 

0.00009(13) 

0.000047 (6) 

VP VP 

-0.00253 (53) 

-0.00297(63) 

-0.000241 (54) 

-0.000025 (6) 

REC 

0.000702 

0.001041 

0.000115 

0.000022 

RRM 

-0.000009 

-0.000013 

-0.000001 

-0.000002 

NUCL 

-0.00021 (21) 

-0.00026 (26) 

-0.000013(13) 

0. 

REC(fns) 

-0.000030 (5) 

-0.000038 (6) 

-0.000003 (4) 

0.000000 (1) 

Total 

1.5237 (10)(22) 

1.9742 (12)(27) 

0.08218 (26)(14) 

0.23511 (41)(0) 

Z = 68, 

^“Er, R = 5.2516 (31) fm. M/m = 302405 



SE(pnt) 

1.586311 (4) 

2.047431 (1) 

0.099994(1) 

0.239544(1) 

Ue(pnt) 

-0.286729 

-0.343108 

-0.028110 

-0.002360 

WK(pnt) 

0.009921 

0.011401 

0.001342 

0.000255 

FNS 

0.21842 (35)(22) 

0.27295 (44) (28) 

0.014766 (23)(15) 

0. 

SE(fns) 

-0.003251 (5)(3) 

-0.004111 (7)(4) 

-0.000133 

-0.000038 

Ue(fns) 

0.002660 (4)(3) 

0.003325 (5)(3) 

0.000155 

-0.000001 

WK(fns) 

-0.000321 (1)(0) 

-0.000392 (1)(0) 

-0.000026 

-0.000001 

SESE 

-0.004325 (24) 

-0.00546 (21) 

0.00046 (21) 

-0.00014(42) 

SEVP 

0.00235 (75) 

0.00292 (97) 

0.00009 (14) 

0.000049 (6) 

VP VP 

-0.00256 (55) 

-0.00303 (66) 

-0.000253 (59) 

-0.000026 (6) 
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REC 

0.000714 

0.001064 

0.000121 

0.000023 

RRM 

-0.000009 

-0.000013 

-0.000001 

-0.000002 

NUCL 

-0.00022 (22) 

-0.00027(27) 

-0.000015(15) 

0. 

REC(fns) 

-0.000032 (5) 

-0.000041 (6) 

-0.000003 (5) 

0.000000 (1) 

Total 

1.5229 (10)(2) 

1.9827 (13)(3) 

0.08839 (26) (2) 

0.23730 (42) (0) 

Z = 69, 
SE(pnt) 

i®'’Tm, R = 5.2256 (35) fm. M/m = 307879 

1.576601 (2) 2.044804 (2) 

0.106282(1) 

0.241815(1) 

Ue(pnt) 

-0.289627 

-0.348523 

-0.029560 

-0.002424 

WK(pnt) 

0.010262 

0.011849 

0.001443 

0.000269 

FNS 

0.22556 (37)(26) 

0.28380 (47) (33) 

0.015889 (25)(18) 

0. 

SE(fns) 

-0.003418 (6)(4) 

-0.004356 (7)(5) 

-0.000148 

-0.000042 

Ue(fns) 

0.002830 (5)(3) 

0.003563 (6)(4) 

0.000173 

-0.000001 

WK(fns) 

-0.000337 (1)(0) 

-0.000414 (1)(0) 

-0.000028 

-0.000001 

SESE 

-0.004387(25) 

-0.00558 (22) 

0.00045 (22) 

-0.00017(43) 

SEVP 

0.00241 (78) 

0.0030 (10) 

0.00010(15) 

0.000052 (7) 

VPVP 

-0.00259 (57) 

-0.00308 (68) 

-0.000267(63) 

-0.000027(7) 

REC 

0.000718 

0.001075 

0.000126 

0.000024 

RRM 

-0.000008 

-0.000012 

-0.000001 

-0.000002 

NUCL 

-0.00022 (23) 

-0.00028 (28) 

-0.000016(16) 

0. 

REC(fns) 

-0.000034(5) 

-0.000045 (6) 

-0.000004(5) 

0.000000 (1) 

Total 

1.5177 (11)(3) 

1.9858 (13)(3) 

0.09445 (27) (2) 

0.23950 (43) (0) 

Z = 70, 
SE(pnt) 

R = 5.3108 (60) fm. M/m = 317001 

1.567407 2.042891 (1) 

0.112733 

0.244093 

Ue(pnt) 

-0.292650 

-0.354174 

-0.031087 

-0.002490 

WK(pnt) 

0.010614 

0.012316 

0.001550 

0.000283 

FNS 

0.24167 (40)(47) 

0.30618 (50) (59) 

0.017739 (28)(34) 

0. 

SE(fns) 

-0.003729 (6)(7) 

-0.004791 (8)(9) 

-0.000170 

-0.000047 

Ue(fns) 

0.003100 (5)(6) 

0.003931 (6)(8) 

0.000198 

-0.000001 

WK(fns) 

-0.000368 (1)(1) 

-0.000454 (1)(1) 

-0.000032 

-0.000001 

SESE 

-0.004450 (26) 

-0.00570 (14) 

0.00045 (14) 

-0.00019 (22) 

SEVP 

0.00247 (80) 

0.0031 (10) 

0.00012(15) 

0.000055 (7) 

VPVP 

-0.00262 (60) 

-0.00314(71) 

-0.000281 (68) 

-0.000027(7) 

REC 

0.000714 

0.001074 

0.000130 

0.000025 

RRM 

-0.000008 

-0.000012 

-0.000001 

-0.000002 

NUCL 

-0.00024(12) 

-0.00030(15) 

-0.000016(8) 

0. 

REC(fns) 

-0.000037(5) 

-0.000048 (6) 

-0.000004(6) 

0.000000 (1) 

Total 

1.5219 (11)(5) 

2.0009 (14)(6) 

0.10132 (22)(3) 

0.24170 (22) (0) 

Z = 71, 
SE(pnt) 

i'^®Lu, R = 5.370 (30) fm. M/m = 318827 

1.558726 (4) 2.041693 (2) 

0.119355(1) 

0.246377(1) 

Ue(pnt) 

-0.295801 

-0.360073 

-0.032694 

-0.002556 

WK(pnt) 

0.010977 

0.012800 

0.001664 

0.000297 

FNS 

0.2568 (4)(25) 

0.3276 (5)(32) 

0.01964 (3)(19) 

0. 

SE(fns) 

-0.004037 (7)(39) 

-0.005228 (9)(51) 

-0.000195 (0)(2) 

-0.000053 (0)(1) 

Ue(fns) 

0.003373 (6)(33) 

0.004310 (7)(42) 

0.000225 (0)(2) 

-0.000001 

WK(fns) 

-0.000398 (1)(4) 

-0.000496 (1)(5) 

-0.000036 

-0.000001 

SESE 

-0.004517(26) 

-0.00582(15) 

0.00044 (14) 

-0.00021 (22) 

SEVP 

0.00253 (82) 

0.0032(11) 

0.00013(16) 

0.000059 (7) 

VPVP 

-0.00265 (62) 

-0.00320(75) 

-0.000295 (74) 

-0.000028 (7) 

REC 

0.000727 

0.001099 

0.000137 

0.000026 

RRM 

-0.000008 

-0.000012 

-0.000001 

-0.000002 

NUCL 

-0.00026 (26) 

-0.00033 (33) 

-0.000020 (20) 

0. 

REC(fns) 

-0.000038(12) 

-0.000049 (17) 

-0.000004(6) 

0.000000 (1) 

Total 

1.5254 (11)(25) 

2.0156 (15)(32) 

0.10834 (23)(19) 

0.24391 (22) (0) 

Z = 72, 
SE(pnt) 

i®°Hf, R = 5.3470 (32) fm. M/m = 327951 

1.550548 (4) 2.041212 (4) 

0.126157(1) 

0.248667(1) 

Ue(pnt) 

-0.299087 

-0.366232 

-0.034387 

-0.002623 

WK(pnt) 

0.011352 

0.013304 

0.001787 

0.000312 

FNS 

0.26598 (45)(27) 

0.34179 (58) (35) 

0.021183 (34)(22) 

0. 

SE(fns) 

-0.004259 (7)(4) 

-0.005560 (10)(6) 

-0.000217 

-0.000057 

Ue(fns) 

0.003597 (6)(4) 

0.004631 (8) (5) 

0.000250 

-0.000001 

WK(fns) 

-0.000421 (1)(0) 

-0.000527 (1)(1) 

-0.000040 

-0.000001 
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SESE 

-0.004586 (27) 

-0.00594(15) 

0.00044(15) 

-0.00022 (23) 

SEVP 

0.00260 (84) 

0.0033(11) 

0.00014(17) 

0.000062 (7) 

VPVP 

-0.00269 (64) 

-0.00326 (78) 

-0.000311 (80) 

-0.000029 (8) 

REC 

0.000724 

0.001101 

0.000142 

0.000027 

RRM 

-0.000008 

-0.000012 

-0.000001 

-0.000002 

NUCL 

-0.00027(27) 

-0.00034 (34) 

-0.000021 (21) 

0. 

REC(fns) 

-0.000040 (12) 

-0.000051 (17) 

-0.000004(7) 

0.000000 (1) 

Total 

1.5234 (12)(3) 

2.0235 (15)(3) 

0.11512 (24)(2) 

0.24613 (23) (0) 

CO 

i^^Ta, R = 5.3507 (34) fm, M/i 

m = 329775 



SE(pnt) 

1.542867(4) 

2.041453 (5) 

0.133146 (2) 

0.250963(1) 

Ue(pnt) 

-0.302514 

-0.372665 

-0.036172 

-0.002692 

WK(pnt) 

0.011739 

0.013829 

0.001917 

0.000328 

FNS 

0.27801 (48)(30) 

0.35986 (62) (39) 

0.023058 (38)(25) 

0. 

SE(fns) 

-0.004533 (8)(5) 

-0.005967 (10)(6) 

-0.000243 

-0.000063 

Ue(fns) 

0.003862 (7)(4) 

0.005010 (9)(5) 

0.000281 

-0.000001 

WK(fns) 

-0.000448 (1)(0) 

-0.000565 (1)(1) 

-0.000044 

-0.000002 

SESE 

-0.004657(28) 

-0.00607(16) 

0.00043 (15) 

-0.00024 (24) 

SEVP 

0.00266 (87) 

0.0035(11) 

0.00015(18) 

0.000065 (7) 

VPVP 

-0.00273 (67) 

-0.00332 (81) 

-0.000327(86) 

-0.000029 (8) 

REC 

0.000739 

0.001128 

0.000149 

0.000028 

RRM 

-0.000007 

-0.000012 

-0.000001 

-0.000002 

NUCL 

-0.00028 (28) 

-0.00036 (36) 

-0.000023 (23) 

0. 

REC(fns) 

-0.000042 (12) 

-0.000054(17) 

-0.000005 (7) 

0.000000 (1) 

Total 

1.5247 (12)(3) 

2.0357 (16)(4) 

0.12232 (25)(2) 

0.24836 (24) (0) 

Z = 74, 

, R = 5.3658 (23) fm, M/ 

m = 335248 



SE(pnt) 

1.535681 (3) 

2.042418 (4) 

0.140334(4) 

0.253265 (1) 

Ue(pnt) 

-0.306087 

-0.379385 

-0.038054 

-0.002761 

WK(pnt) 

0.012138 

0.014375 

0.002057 

0.000344 

FNS 

0.29181 (51)(21) 

0.38052 (67) (27) 

0.025201 (42)(18) 

0. 

SE(fns) 

-0.004844 (8)(3) 

-0.006430 (11)(5) 

-0.000273 

-0.000069 

Ue(fns) 

0.004160 (7)(3) 

0.005439 (10)(4) 

0.000316 (1)(0) 

-0.000001 

WK(fns) 

-0.000478 (1)(0) 

-0.000607 (1)(0) 

-0.000049 

-0.000002 

SESE 

-0.004730 (29) 

-0.00620(16) 

0.00043 (16) 

-0.00025 (24) 

SEVP 

0.00274 (89) 

0.0036(12) 

0.00017(18) 

0.000069 (7) 

VPVP 

-0.00277(69) 

-0.00339 (85) 

-0.000344 (92) 

-0.000030 (9) 

REC 

0.000745 

0.001143 

0.000156 

0.000029 

RRM 

-0.000007 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.00029 (29) 

-0.00038 (38) 

-0.000025 (25) 

0. 

REC(fns) 

-0.000044(12) 

-0.000057(17) 

-0.000005 (8) 

0.000000 (1) 

Total 

1.5280 (13)(2) 

2.0510 (16)(3) 

0.12991 (26)(2) 

0.25059 (24) (0) 

Z = 75, 

^®^Re, R = 5.370 (17) fm. M/m = 340725 



SE(pnt) 

1.528984 

2.044114(1) 

0.147729 

0.255573 

Ue(pnt) 

-0.309814 

-0.386408 

-0.040040 

-0.002832 

WK(pnt) 

0.012551 

0.014945 

0.002207 

0.000361 

FNS 

0.3054 (5)(16) 

0.4013 (7) (22) 

0.02746 (5)(15) 

0. 

SE(fns) 

-0.005160 (9)(28) 

-0.00691 (1)(4) 

-0.000306 (1)(2) 

-0.000075 (0)(1) 

Ue(fns) 

0.004482 (8)(24) 

0.00591 (1)(3) 

0.000355 (1)(2) 

-0.000001 

WK(fns) 

-0.000509 (1)(3) 

-0.000651 (1)(4) 

-0.000054 

-0.000002 

SESE 

-0.004804 (30) 

-0.00633 (17) 

0.00042 (16) 

-0.00027(25) 

SEVP 

0.00281 (92) 

0.0037(12) 

0.00018(19) 

0.000072 (7) 

VPVP 

-0.00281 (72) 

-0.00347 (88) 

-0.00036(10) 

-0.000031 (9) 

REC 

0.000752 

0.001160 

0.000162 

0.000030 

RRM 

-0.000007 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.00030(31) 

-0.00040 (40) 

-0.000027(27) 

0. 

REC(fns) 

-0.000048 (12) 

-0.000062 (17) 

-0.000005 (9) 

0.000000 (2) 

Total 

1.5316(13)(16) 

2.0669 (17)(22) 

0.13772 (28)(15) 

0.25283 (25) (0) 

Z = 76, 

R = 5.4126 (15) fm, M/ 

m = 349849 



SE(pnt) 

1.522775 

2.046551 (4) 

0.155344(1) 

0.257886(1) 

Ue(pnt) 

-0.313701 

-0.393750 

-0.042136 

-0.002903 

WK(pnt) 

0.012978 

0.015538 

0.002366 

0.000378 

FNS 

0.32373 (58)(15) 

0.42856 (77) (20) 

0.030303 (52)(14) 

0. 
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SE(fns) 

-0.005565 (10)(3) 

-0.007514 (14)(3) 

-0.000348 (1)(0) 

-0.000083 

Ue(fns) 

0.004855 (9)(2) 

0.006450 (12)(3) 

0.000401 (1)(0) 

-0.000001 

WK(fns) 

-0.000549 (1)(0) 

-0.000706 (2)(0) 

-0.000061 

-0.000002 

SESE 

-0.004880 (31) 

-0.00648 (17) 

0.00041 (16) 

-0.00029 (26) 

SEVP 

0.00289 (94) 

0.0038 (12) 

0.00020 (20) 

0.000076 (7) 

VPVP 

-0.00285 (74) 

-0.00354(92) 

-0.00038(11) 

-0.00003 (1) 

REC 

0.000752 

0.001165 

0.000167 

0.000031 

RRM 

-0.000007 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.00032 (32) 

-0.00043 (43) 

-0.000030 (30) 

0. 

REC(fns) 

-0.000051 (12) 

-0.000068 (17) 

-0.00001 (1) 

0.000000 (2) 

Total 

1.5400 (14)(1) 

2.0896 (18)(2) 

0.14623 (29)(1) 

0.25506 (26) (0) 

Z = 77, 
SE(pnt) 

i®Ir, R = 5.40 (11) fm. M/m -- 
1.517050(1) 

= 351673 

2.049737 (2) 

0.163188 (2) 

0.260204(1) 

Ue(pnt) 

-0.317757 

-0.401429 

-0.044350 

-0.002975 

WK(pnt) 

0.013419 

0.016157 

0.002537 

0.000396 

FNS 

0.338 (1)(11) 

0.451 (1)(15) 

0.0329 (1)(11) 

0. 

SE(fns) 

-0.00591 (1)(19) 

-0.00805(1) (26) 

-0.000388 (1)(13) 

-0.000090 (0)(7) 

Ue(fns) 

0.00521 (1)(17) 

0.00698(1) (23) 

0.000449 (1)(15) 

-0.000001 

WK(fns) 

-0.000582 (1)(19) 

-0.000754 (2)(25) 

-0.000067(0) (2) 

-0.000002 

SESE 

-0.004959 (32) 

-0.00663 (18) 

0.00040 (17) 

-0.00030(26) 

SEVP 

0.00296 (97) 

0.0040 (13) 

0.00022 (21) 

0.000080 (7) 

VPVP 

-0.00289 (77) 

-0.00362 (96) 

-0.00040 (12) 

-0.000032 (10) 

REC 

0.000768 

0.001196(1) 

0.000176 

0.000033 

RRM 

-0.000007 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.00034 (34) 

-0.00045 (45) 

-0.000033 (33) 

0. 

REC(fns) 

-0.000056(12) 

-0.000074(17) 

-0.000006(11) 

0.000000 (2) 

Total 

1.545 (1)(11) 

2.108 (2)(15) 

0.1546 (3)(11) 

0.25731 (26)(1) 

Z = 78, 
SE(pnt) 

^'^®Pt, R = 5.4307 (27) fm. M/m = 357145 

1.511809(2) 2.053682(7) 

0.171274(2) 

0.262527(1) 

Ue(pnt) 

-0.321991 

-0.409463 

-0.046691 

-0.003049 

WK(pnt) 

0.013876 

0.016803 

0.002720 

0.000415 

FNS 

0.35686 (66)(29) 

0.47983 (89) (39) 

0.036192 (64)(30) 

0. 

SE(fns) 

-0.006348 (12)(5) 

-0.008724 (16)(7) 

-0.000438 (1)(0) 

-0.000099 

Ue(fns) 

0.005638 (10)(5) 

0.007615 (14)(6) 

0.000508 (1)(0) 

-0.000001 

WK(fns) 

-0.000624 (1)(1) 

-0.000815 (2)(1) 

-0.000074 

-0.000002 

SESE 

-0.005040 (32) 

-0.00678 (18) 

0.00039 (17) 

-0.00032 (27) 

SEVP 

0.0030 (10) 

0.0041 (13) 

0.00024 (22) 

0.000084 (7) 

VPVP 

-0.00294 (80) 

-0.0037(10) 

-0.00042 (12) 

-0.000033(11) 

REC 

0.000778 

0.001217(1) 

0.000184 

0.000034 

RRM 

-0.000006 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.000184(92) 

-0.00025(12) 

-0.000018 (9) 

0. 

REC(fns) 

-0.000060 (12) 

-0.000082 (17) 

-0.000007(12) 

0.000000 (2) 

Total 

1.5548 (14)(3) 

2.1334 (19)(4) 

0.16385 (32)(3) 

0.25955 (27) (0) 

Z = 79, 
SE(pnt) 

R = 5.4371 (38) fm, M/ 
1.507051 

m = 358970 

2.058401 

0.179615 

0.264854 

Ue(pnt) 

-0.326410 

-0.417872 

-0.049166 

-0.003123 

WK(pnt) 

0.014349 

0.017477 

0.002915 

0.000434 

FNS 

0.37474 (70)(43) 

0.50790 (95) (58) 

0.039556 (71) (45) 

0. 

SE(fns) 

-0.006781 (13)(8) 

-0.00940 (2)(1) 

-0.000491 (1)(1) 

-0.000108 

Ue(fns) 

0.006076 (11)(7) 

0.008276 (16)(9) 

0.000571 (1)(1) 

-0.000001 

WK(fns) 

-0.000666 (1)(1) 

-0.000876 (2)(1) 

-0.000083 

-0.000002 

SESE 

-0.005123 (33) 

-0.00694(18) 

0.00038(18) 

-0.00034(28) 

SEVP 

0.0031 (10) 

0.0043 (14) 

0.00026 (23) 

0.000088 (8) 

VPVP 

-0.00299 (83) 

-0.0038(10) 

-0.00045(13) 

-0.000034(11) 

REC 

0.000795 

0.001251 

0.000194 

0.000035 

RRM 

-0.000006 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.00037(37) 

-0.00051 (51) 

-0.000040 (40) 

0. 

REC(fns) 

-0.000066(11) 

-0.000090 (17) 

-0.000008 (14) 

0.000000 (3) 

Total 

1.5637 (15)(4) 

2.1581 (20)(6) 

0.17325 (33)(5) 

0.26180 (28) (0) 

Z = 80, 
SE(pnt) 

R = 5.4648 (33) fm, M/ 
1.502777 

m = 368091 

2.063906 (1) 

0.188226 

0.267186 
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Ue(pnt) 

-0.331025 

-0.426680 

-0.051786 

-0.003199 

WK(pnt) 

0.014838 

0.018182 

0.003124 

0.000454 

FNS 

0.39627 (74)(39) 

0.5414 (10)(5) 

0.043535 (79) (43) 

0. 

SE(fns) 

-0.007294 (14)(7) 

-0.01020 (2)(1) 

-0.000555 (1)(1) 

-0.000118 

Ue(fns) 

0.006585 (12)(6) 

0.009046 (17)(9) 

0.000645 (1)(1) 

-0.000001 

WK(fns) 

-0.000715 (1)(1) 

-0.000948 (2)(1) 

-0.000092 

-0.000003 

SESE 

-0.005209 (34) 

-0.00711 (19) 

0.00036(18) 

-0.00035 (28) 

SEVP 

0.0032(11) 

0.0044(14) 

0.00028 (24) 

0.000092 (8) 

VPVP 

-0.00304 (86) 

-0.0039(11) 

-0.00047(14) 

-0.000035 (12) 

REC 

0.000798 

0.001262 

0.000200 

0.000036 

RRM 

-0.000006 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.000166 (83) 

-0.00024(12) 

-0.000018(9) 

0. 

REC(fns) 

-0.000072(11) 

-0.000100(17) 

-0.000008(16) 

0.000000 (3) 

Total 

1.5770 (16)(4) 

2.1891 (21)(5) 

0.18345 (35) (4) 

0.26406 (28) (0) 

Z = 81, 

R = 5.4759 (26) fm, M/; 

m = 373565 



SE(pnt) 

1.498990 (2) 

2.07021 (1) 

0.197121(5) 

0.269522(1) 

Ue(pnt) 

-0.335846 

-0.435908 

-0.054560 

-0.003276 

WK(pnt) 

0.015346 

0.018919 

0.003348 

0.000475 

ENS 

0.41726 (79)(32) 

0.5748 (11)(4) 

0.047706 (88)(37) 

0. 

SE(fns) 

-0.007811 (15)(6) 

-0.011029 (21)(8) 

-0.000623 (1)(0) 

-0.000129 

Ue(fns) 

0.007111 (14)(5) 

0.009855 (19)(8) 

0.000727 (1)(1) 

-0.000001 

WK(fns) 

-0.000765 (2)(1) 

-0.001022 (2)(1) 

-0.000102 

-0.000003 

SESE 

-0.005298 (34) 

-0.00728(19) 

0.00035(19) 

-0.00037(29) 

SEVP 

0.0033(11) 

0.0046(15) 

0.00031 (26) 

0.000096 (8) 

VPVP 

-0.00309 (89) 

-0.0040(11) 

-0.00050(16) 

-0.000035 (12) 

REC 

0.000809 (1) 

0.001286(1) 

0.000209 

0.000037 

RRM 

-0.000006 

-0.000011 

-0.000001 

-0.000002 

NUCL 

-0.00042 (42) 

-0.00057(57) 

-0.000048 (48) 

0. 

REC(fns) 

-0.000075 (31) 

-0.000108 (50) 

-0.000009(17) 

0.000000 (3) 

Total 

1.5895 (17)(3) 

2.2198 (22)(4) 

0.19393 (37) (4) 

0.26631 (29) (0) 

Z = 82, 2°®Pb, R = 5.5012 (13) fm. M/m = 379037 



SE(pnt) 

1.495690 

2.077345 

0.206317 

0.271861 

Ue(pnt) 

-0.340884 

-0.445583 

-0.057500 

-0.003354 

WK(pnt) 

0.015873 

0.019690 

0.003588 

0.000497 

ENS 

0.44145 (85)(17) 

0.6132 (12)(2) 

0.052528 (98)(20) 

0. 

SE(fns) 

-0.008404 (16)(3) 

-0.011978 (23)(5) 

-0.000704 (1)(0) 

-0.000140 

Ue(fns) 

0.007710 (15)(3) 

0.010780 (21)(4) 

0.000822 (2)(0) 

-0.000001 

WK(fns) 

-0.000821 (2)(0) 

-0.001106 (2)(0) 

-0.000114 

-0.000003 

SESE 

-0.005390 (35) 

-0.00747 (20) 

0.00033(19) 

-0.00039 (30) 

SEVP 

0.0034(11) 

0.0048(15) 

0.00034 (27) 

0.000100 (8) 

VPVP 

-0.00315(92) 

-0.0041 (12) 

-0.00053(17) 

-0.000036 (13) 

REC 

0.000821 (1) 

0.001313(1) 

0.000218 

0.000038 

RRM 

-0.000006 

-0.000011 

-0.000002 

-0.000002 

NUCL 

-0.000184(92) 

-0.00025(13) 

-0.000021 (11) 

0. 

REC(fns) 

-0.000080 (31) 

-0.000117(50) 

-0.000010(19) 

0.000000 (3) 

Total 

1.6060 (17)(2) 

2.2565 (23)(2) 

0.20526 (38) (2) 

0.26857 (30) (0) 

Z = 83, 

R = 5.5211 (26) fm, M/ 

m = 380866 



SE(pnt) 

1.492882 

2.085316 

0.215830 

0.274204 

Ue(pnt) 

-0.346151 

-0.455731 

-0.060619 

-0.003433 

WK(pnt) 

0.016419 

0.020497 

0.003844 

0.000519 

ENS 

0.46661 (90)(35) 

0.6537 (13)(5) 

0.05778 (11)(4) 

0. 

SE(fns) 

-0.009036 (17)(7) 

-0.012999 (25)(10) 

-0.000794 (1)(1) 

-0.000153 

Ue(fns) 

0.008354 (16)(6) 

0.011786 (23)(9) 

0.000929 (2)(1) 

-0.000001 

WK(fns) 

-0.000882 (2)(1) 

-0.001197 (3)(1) 

-0.000128 

-0.000003 

SESE 

-0.005485 (9) 

-0.007656 (89) 

0.000309 (88) 

-0.00041 (15) 

SEVP 

0.0035(11) 

0.0050(16) 

0.00037(28) 

0.000105 (8) 

VPVP 

-0.00321 (96) 

-0.0042(12) 

-0.00056(18) 

-0.000037(13) 

REC 

0.000842 (1) 

0.001354(1) 

0.000230 

0.000039 

RRM 

-0.000006 

-0.000011 

-0.000002 

-0.000002 

NUCL 

-0.00047 (47) 

-0.00065 (65) 

-0.000058 (58) 

0. 

REC(fns) 

-0.000086 (31) 

-0.000128 (50) 

-0.000011 (22) 

0.000000 (4) 
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Total 

1.6233 (18)(3) 

2.2950 (25)(5) 

0.21712 (37)(4) 

0.27083 (15)(0) 

00 

II 

^°®Po, R = 5.527 (18) fm, M/m 

= 380868 



SE(pnt) 

1.490572 

2.094152(1) 

0.225680 (2) 

0.276550(1) 

Ue(pnt) 

-0.351660 

-0.466384 

-0.063929 

-0.003513 

WK(pnt) 

0.016987 

0.021343 

0.004120 

0.000542 

FNS 

0.4915 (10)(25) 

0.6945 (14)(35) 

0.06334 (12) (32) 

0. 

SE(fns) 

-0.00968 (2)(5) 

-0.01406 (3)(7) 

-0.000892 (2) (4) 

-0.000166 (0)(2) 

Ue(fns) 

0.00903 (2)(5) 

0.01285 (3)(6) 

0.001048 (2) (5) 

-0.000001 

WK(fns) 

-0.000944 (2) (5) 

-0.001292 (3) (7) 

-0.000142 (0)(1) 

-0.000004 

SESE 

-0.00558(1) 

-0.007849 (91) 

0.000290 (90) 

-0.00042 (16) 

SEVP 

0.0036(12) 

0.0052(16) 

0.00040 (30) 

0.000109 (8) 

VPVP 

-0.0033(10) 

-0.0043 (13) 

-0.00059(19) 

-0.000038 (14) 

REC 

0.000869 (1) 

0.001405(1) 

0.000244 

0.000041 

RRM 

-0.000006 

-0.000011 

-0.000002 

-0.000002 

NUCL 

-0.00049 (49) 

-0.00069 (69) 

-0.000063 (63) 

0. 

REC(fns) 

-0.000093 (31) 

-0.000140 (50) 

-0.000011 (24) 

0.000000 (4) 

Total 

1.6409 (19)(25) 

2.3347 (26)(35) 

0.22950 (39) (32) 

0.27309 (16) (0) 

00 

At, R = 5.539 (55) fm, M/m 

= 382699 



SE(pnt) 

1.488763 

2.103876(1) 

0.235886 

0.278898 

Ue(pnt) 

-0.357426 

-0.477573 

-0.067444 

-0.003594 

WK(pnt) 

0.017576 

0.022230 

0.004414 

0.000565 

FNS 

0.5191 (10)(81) 

0.740 (1)(12) 

0.0696 (1)(11) 

0.000001 

SE(fns) 

-0.01040 (2)(16) 

-0.01524 (3)(24) 

-0.001004 (2)(16) 

-0.000181 (0)(7) 

Ue(fns) 

0.00978 (2)(15) 

0.01405 (3)(22) 

0.001184 (2)(19) 

-0.000001 

WK(fns) 

-0.001013 (2)(16) 

-0.001397 (3)(22) 

-0.000158 (0)(2) 

-0.000004 

SESE 

-0.005681 (10) 

-0.008053 (94) 

0.000269 (93) 

-0.00044(16) 

SEVP 

0.0037(12) 

0.0054(17) 

0.00043 (31) 

0.000114(8) 

VPVP 

-0.0033(10) 

-0.0044(14) 

-0.00062 (21) 

-0.000038 (15) 

REC 

0.000893 (1) 

0.001452(1) 

0.000258 

0.000042 

RRM 

-0.000006 

-0.000011 

-0.000002 

-0.000002 

NUCL 

-0.00052(52) 

-0.00074 (74) 

-0.000070 (70) 

0. 

REC(fns) 

-0.000101 (31) 

-0.000154(50) 

-0.000013 (27) 

0.000000 (4) 

Total 

1.6614 (20)(81) 

2.379 (3)(12) 

0.2428 (4)(11) 

0.27536 (16)(1) 

00 

05 

222Rn, R = 5.691 (20) fm, M/m 

= 404628 



SE(pnt) 

1.487464(1) 

2.11452(1) 

0.246470(1) 

0.281249(1) 

Ue(pnt) 

-0.363463 

-0.489332 

-0.071182 

-0.003677 

WK(pnt) 

0.018189 

0.023160 

0.004731 

0.000590 

FNS 

0.5701 (11)(32) 

0.8197 (16)(46) 

0.07960 (15) (44) 

0.000001 

SE(fns) 

-0.01161 (2)(6) 

-0.01719 (3)(10) 

-0.001177 (2)(7) 

-0.000204 (0)(3) 

Ue(fns) 

0.01094 (2)(6) 

0.01587 (3) (9) 

0.001381 (3)(8) 

-0.000002 

WK(fns) 

-0.001129 (2)(6) 

-0.001572 (3)(9) 

-0.000183 (0)(1) 

-0.000004 

SESE 

-0.005785 (10) 

-0.008266 (96) 

0.000244 (95) 

-0.00046 (16) 

SEVP 

0.0039 (12) 

0.0056 (17) 

0.00047 (33) 

0.000119 (8) 

VPVP 

-0.0034(11) 

-0.0045 (14) 

-0.00066 (23) 

-0.000039 (15) 

REC 

0.000873 (1) 

0.001426(2) 

0.000258 

0.000041 

RRM 

-0.000006 

-0.000011 

-0.000002 

-0.000002 

NUCL 

-0.00057(57) 

-0.00082 (82) 

-0.000080 (80) 

0. 

REC(fns) 

-0.000111 (31) 

-0.000169 (50) 

-0.000014(31) 

0.000000 (5) 

Total 

1.7054 (20)(32) 

2.4584 (29) (46) 

0.25986 (44) (44) 

0.27761 (17)(0) 

00 

II 

22°Fr, R = 5.695 (18) fm. M/m 

= 406454 



SE(pnt) 

1.486682(1) 

2.12610(1) 

0.257454 (2) 

0.283602 (1) 

Ue(pnt) 

-0.369787 

-0.501701 

-0.075159 

-0.003760 

WK(pnt) 

0.018827 

0.024138 

0.005070 

0.000615 

FNS 

0.6014 (12)(29) 

0.8724 (17)(42) 

0.08739 (16) (42) 

0.000001 

SE(fns) 

-0.01245 (2)(6) 

-0.01861 (4)(9) 

-0.001322 (2)(6) 

-0.000221 (0)(3) 

Ue(fns) 

0.01184 (2)(6) 

0.01734 (3)(8) 

0.001559 (3)(8) 

-0.000002 

WK(fns) 

-0.001209 (3)(6) 

-0.001697 (4)(8) 

-0.000204 (0)(1) 

-0.000005 

SESE 

-0.005894(11) 

-0.008491 (98) 

0.000217(97) 

-0.00048 (17) 

SEVP 

0.0040 (13) 

0.0058 (18) 

0.00051 (35) 

0.000124(9) 

VPVP 

-0.0035(11) 

-0.0047(15) 

-0.00069 (24) 

-0.000040 (16) 

REC 

0.000899 (1) 

0.001477(2) 

0.000273 

0.000043 
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RRM 

-0.000006 

-0.000011 

-0.000002 

-0.000002 

NUCL 

-0.00060 (60) 

-0.00087 (87) 

-0.000087(87) 

0. 

REC(fns) 

-0.000121 (31) 

-0.000187(50) 

-0.000015 (34) 

0.000000 (5) 

Total 

1.7301 (21)(29) 

2.5110 (30)(42) 

0.27498 (47) (42) 

0.27988 (17) (0) 

Z = 88,' 

^^®Ra, R = 5.721 (29) fm. M/m 

= 411932 



SE(pnt) 

1.486427 

2.13867(2) 

0.268864 (3) 

0.285956(1) 

Ue(pnt) 

-0.376417 

-0.514721 

-0.079395 

-0.003845 

WK(pnt) 

0.019491 

0.025165 

0.005434 

0.000642 

ENS 

0.6386 (12)(49) 

0.9348 (18)(72) 

0.09658 (18) (75) 

0.000001 

SE(fns) 

-0.01343 (3)(10) 

-0.02029 (4)(16) 

-0.001496 (3)(12) 

-0.000240 (0)(5) 

Ue(fns) 

0.01288 (2)(10) 

0.01904 (4)(15) 

0.001770 (3)(14) 

-0.000002 

WK(fns) 

-0.001302 (3)(10) 

-0.001843 (4)(14) 

-0.000228 (0)(2) 

-0.000005 

SESE 

-0.006008 (11) 

-0.00873 (10) 

0.000186 (99) 

-0.00050(17) 

SEVP 

0.0041 (13) 

0.0061 (19) 

0.00055 (37) 

0.000129 (9) 

VPVP 

-0.0035(12) 

-0.0048 (16) 

-0.00074 (26) 

-0.000041 (17) 

REC 

0.000918(1) 

0.001517(2) 

0.000286 

0.000044 

RRM 

-0.000006 

-0.000011 

-0.000002 

-0.000002 

NUCL 

-0.00064 (64) 

-0.00093 (93) 

-0.000097(97) 

0. 

REC(fns) 

-0.000132(31) 

-0.000205 (50) 

-0.000017(39) 

0.000000 (6) 

Total 

1.7609 (22)(49) 

2.5737 (32)(72) 

0.29171 (51)(75) 

0.28214 (17)(0) 

Z = 89, 

R = 5.670 (57) fm. M/m 

= 413758 



SE(pnt) 

1.486709 

2.15225 (2) 

0.280727 (4) 

0.288312 

Ue(pnt) 

-0.383372 

-0.528436 

-0.083910 

-0.003931 

WK(pnt) 

0.020184 

0.026245 

0.005826 

0.000669 

ENS 

0.665 (1)(10) 

0.982 (2)(15) 

0.1047 (2)(16) 

0.000001 

SE(fns) 

-0.01421 (3)(22) 

-0.02168 (4)(33) 

-0.001658 (3)(25) 

-0.000256 (0)(10) 

Ue(fns) 

0.01378 (3)(21) 

0.02057 (4)(31) 

0.001975 (4) (30) 

-0.000002 

WK(fns) 

-0.001373 (3)(21) 

-0.001961 (4)(30) 

-0.000250(1) (4) 

-0.000005 

SESE 

-0.006128(11) 

-0.00898 (10) 

0.00015(10) 

-0.00051 (18) 

SEVP 

0.0042 (14) 

0.0063(19) 

0.00060 (39) 

0.000134(9) 

VPVP 

-0.0036(12) 

-0.0050(16) 

-0.00078 (28) 

-0.000042 (18) 

REC 

0.000948 (1) 

0.001575(2) 

0.000303 

0.000045 

RRM 

-0.000006 

-0.000012 

-0.000002 

-0.000002 

NUCL 

-0.00066 (66) 

-0.00098 (98) 

-0.00010(10) 

0. 

REC(fns) 

-0.000144(31) 

-0.000226 (50) 

-0.000018 (43) 

0.000000 (6) 

Total 

1.781 (2)(10) 

2.622 (3)(15) 

0.3075 (5)(16) 

0.28441 (18)(1) 

Z = 90, 

^®^Th, R = 5.785 (12) fm. M/m 

= 422890 



SE(pnt) 

1.487542 

2.166883(1) 

0.293072 (1) 

0.290668 

Ue(pnt) 

-0.390672 

-0.542896 

-0.088728 

-0.004019 

WK(pnt) 

0.020906 

0.027383 

0.006246 

0.000697 

ENS 

0.7236 (14)(23) 

1.0790 (21)(35) 

0.11861 (22)(38) 

0.000001 

SE(fns) 

-0.01571 (3)(5) 

-0.02420 (5)(8) 

-0.001920 (4)(6) 

-0.000285 (1)(2) 

Ue(fns) 

0.01535 (3)(5) 

0.02314 (5)(7) 

0.002297 (4) (7) 

-0.000002 

WK(fns) 

-0.001514 (3)(5) 

-0.002181 (4)(7) 

-0.000287 (1)(1) 

-0.000006 

SESE 

-0.006253(11) 

-0.00924(10) 

0.00011 (10) 

-0.00053(18) 

SEVP 

0.0044(14) 

0.0066 (20) 

0.00066 (41) 

0.000139 (9) 

VPVP 

-0.0037(12) 

-0.0051 (17) 

-0.00083 (30) 

-0.000043 (18) 

REC 

0.000962 

0.001608 (2) 

0.000315 

0.000046 

RRM 

-0.000006 

-0.000012 

-0.000002 

-0.000002 

NUCL 

-0.00057(28) 

-0.00084 (42) 

-0.000089 (44) 

0. 

REC(fns) 

-0.000157(31) 

-0.000248 (50) 

-0.000020 (49) 

0.000000 (7) 

Total 

1.8342 (24)(23) 

2.7199 (34)(35) 

0.32944 (57) (38) 

0.28667 (18)(0) 

Z = 91, 

^®^Pa, R = 5.700 (57) fm. M/m 

= 421063 



SE(pnt) 

1.488940 (1) 

2.18262 (2) 

0.305933 (7) 

0.293024(1) 

Ue(pnt) 

-0.398342 

-0.558156 

-0.093874 

-0.004108 

WK(pnt) 

0.021659 

0.028581 

0.006699 

0.000726 

ENS 

0.748 (2)(11) 

1.126 (2)(17) 

0.1277 (3)(19) 

0.000001 

SE(fns) 

-0.01648 (3)(25) 

-0.02566 (5)(38) 

-0.002111 (4)(32) 

-0.000300 (1)(11) 

Ue(fns) 

0.01630 (3)(24) 

0.02483 (5)(37) 

0.002546 (5) (38) 

-0.000002 

WK(fns) 

-0.001582 (3)(24) 

-0.002300 (5)(34) 

-0.000311 (1)(5) 

-0.000006 

SESE 

-0.006384(11) 

-0.00951 (11) 

0.00007(11) 

-0.00054(18) 
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SEVP 

0.0045 (14) 

0.0068 (21) 

0.00071 (43) 

0.000144(9) 

VPVP 

-0.0038(13) 

-0.0053(18) 

-0.00088 (33) 

-0.000044(19) 

REC 

0.001004 

0.001687(4) 

0.000337(1) 

0.000047 

RRM 

-0.000006 

-0.000012 

-0.000002 

-0.000002 

NUCL 

-0.00075 (75) 

-0.0011(11) 

-0.00013(13) 

0. 

REC(fns) 

-0.000171 (39) 

-0.000270 (62) 

-0.000022 (54) 

0.000000 (8) 

Total 

1.853 (3)(11) 

2.769 (4)(17) 

0.3466 (6)(19) 

0.28894 (19)(1) 

Z = 92, 
SE(pnt) 

^®®U , R = 5.8571 (33) fm, M/ 
1.490916 

m = 433849 

2.199494 

0.319341 

0.295380 

Ue(pnt) 

-0.406406 

-0.574274 

-0.099377 

-0.004198 

WK(pnt) 

0.022446 

0.029845 

0.007186 

0.000756 

FNS 

0.82326 (79) 

1.2511 (11) 

0.14630(13) 

0.000001 

SE(fns) 

-0.01841 (1)(2) 

-0.02897 (2)(2) 

-0.002472 (2) (2) 

-0.000337 (0)(1) 

Ue(fns) 

0.01822 (1)(2) 

0.02804 (2)(2) 

0.002969 (2) (2) 

-0.000002 

WK(fns) 

-0.001761 (1)(1) 

-0.002585 (2)(2) 

-0.000361 

-0.000007 

SESE 

-0.006521 (7) 

-0.009798 (80) 

0.000028 (74) 

-0.00056(11) 

SEVP 

0.0047(15) 

0.0071 (22) 

0.00077 (46) 

0.000149 (9) 

VPVP 

-0.0039 (13) 

-0.0054(19) 

-0.00093 (35) 

-0.000045 (20) 

REC 

0.001013 

0.001713 (4) 

0.000348(1) 

0.000047 

RRM 

-0.000006 

-0.000013 

-0.000002 

-0.000001 

NUCL 

-0.00085 (43) 

-0.00130(65) 

-0.000146 (73) 

0. 

REC(fns) 

-0.000187(39) 

-0.000296 (62) 

-0.000024(60) 

0.000000 (8) 

Total 

1.9225(22) 

2.8947(31) 

0.37363 (60) 

0.29118(11) 

Z = 93, 
SE(pnt) 

^®^Np, R = 5.744 (57) fm. M/m = 432020 

1.49349 2.21757(1) 

0.33334(1) 

0.29773 

Ue(pnt) 

-0.41489 

-0.59132 

-0.10527 

-0.00429 

WK(pnt) 

0.02327 

0.03118 

0.00771 

0.00079 

FNS 

0.848 (2)(12) 

1.301 (3)(19) 

0.1568 (3)(23) 

0. 

SE(fns) 

-0.01927 (4)(28) 

-0.03064 (6) (45) 

-0.00271 (1)(4) 

-0.00035 (0)(1) 

Ue(fns) 

0.01940 (4)(28) 

0.03016 (6) (44) 

0.00330 (1)(5) 

0. 

WK(fns) 

-0.00184 (0)(3) 

-0.00273(1) (4) 

-0.00039 (0)(1) 

-0.00001 

SESE 

-0.00668(1) 

-0.01012(14) 

-0.00002 (8) 

-0.00057(11) 

SEVP 

0.0048 (15) 

0.0075 (22) 

0.00084 (48) 

0.00015(1) 

VPVP 

-0.0040 (14) 

-0.0056 (20) 

-0.00098 (38) 

-0.00005 (2) 

REC 

0.00106(1) 

0.00180(1) 

0.00037 

0.00005 

RRM 

-0.00001 

-0.00001 

0. 

0. 

NUCL 

-0.00085 (85) 

-0.0013(13) 

-0.00016(16) 

0. 

REC(fns) 

-0.0002(1) 

-0.00030(17) 

-0.00002 (6) 

0.00000(1) 

Total 

1.942 (3)(12) 

2.947 (4)(19) 

0.3928 (7)(23) 

0.29345 (12)(1) 

Z = 94, 
SE(pnt) 

^‘‘'‘Pu, R = 5.895 (38) fm, M/m = 444809 

1.49668 2.23690(1) 

0.34796 

0.30009 

Ue(pnt) 

-0.42383 

-0.60935 

-0.11158 

-0.00438 

WK(pnt) 

0.02413 

0.03259 

0.00828 

0.00082 

FNS 

0.9324 (18)(88) 

1.445 (3)(14) 

0.1797 (3)(17) 

0. 

SE(fns) 

-0.02154 (4)(20) 

-0.03461 (7)(33) 

-0.00318 (1)(3) 

-0.00039 (0)(1) 

Ue(fns) 

0.02173 (4)(20) 

0.03415 (7)(32) 

0.00386 (1)(4) 

0. 

WK(fns) 

-0.00206 (0)(2) 

-0.00308(1) (3) 

-0.00046 

-0.00001 

SESE 

-0.00684(2) 

-0.01044(14) 

-0.00008 (8) 

-0.00059 (12) 

SEVP 

0.0050 (16) 

0.0078 (23) 

0.00092 (51) 

0.00016(1) 

VPVP 

-0.0041 (14) 

-0.0058 (20) 

-0.00104 (41) 

-0.00005 (2) 

REC 

0.00107(1) 

0.00184(1) 

0.00039 

0.00005 

RRM 

-0.00001 

-0.00001 

0. 

0. 

NUCL 

-0.00092 (46) 

-0.00141 (70) 

-0.00017(9) 

0. 

REC(fns) 

-0.00019(10) 

-0.00031 (17) 

-0.00003 (6) 

0.00000(1) 

Total 

2.0216 (28)(88) 

3.093 (4)(14) 

0.4246 (8)(17) 

0.29570 (12)(1) 

Z = 95, 
SE(pnt) 

^‘‘^Am, R = 5.9048 (35) fm, M/m = 442980 

1.50051 2.25754 

0.36325 

0.30244 

Ue(pnt) 

-0.43325 

-0.62846 

-0.11835 

-0.00448 

WK(pnt) 

0.02503 

0.03408 

0.00889 

0.00085 

FNS 

0.9910 (19)(8) 

1.5510 (31)(13) 

0.19895 (38)(17) 

0. 

SE(fns) 

-0.02328 (5)(2) 

-0.03780 (7) (3) 

-0.00360 (1)(0) 

-0.00043 
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Ue(fns) 

0.02365 (5)(2) 

0.03756 (7)(3) 

0.00439 (1)(0) 

0. 

WK(fns) 

-0.00222 

-0.00335 (1)(0) 

-0.00051 

-0.00001 

SESE 

-0.00701 (2) 

-0.01078(14) 

-0.00013 (8) 

-0.00060(12) 

SEVP 

0.0052(16) 

0.0082 (24) 

0.00101 (54) 

0.00017(1) 

VPVP 

-0.0042(15) 

-0.0060 (21) 

-0.00110 (44) 

-0.00005 (2) 

REC 

0.00113(1) 

0.00194(1) 

0.00042 

0.00005 

RRM 

-0.00001 

-0.00001 

0. 

0. 

NUCL 

-0.00099 (99) 

-0.0016(16) 

-0.00020 (20) 

0. 

REC(fns) 

-0.00021 (10) 

-0.00033 (17) 

-0.00003 (7) 

0.00000(1) 

Total 

2.0754 (31)(8) 

3.2020 (47)(13) 

0.45296 (83) (17) 

0.29795 (12)(0) 

Z = 96, 
SE(pnt) 

^'‘®Cm, R = 5.856 (18) fm, M/ 
1.50501 

m = 448458 

2.27957 

0.37927 

0.30479 

Ue(pnt) 

-0.44319 

-0.64874 

-0.12563 

-0.00457 

WK(pnt) 

0.02598 

0.03566 

0.00955 

0.00089 

ENS 

1.0395 (21)(47) 

1.6435 (33) (74) 

0.21738 (43) (97) 

0. 

SE(fns) 

-0.02484 (5)(11) 

-0.04078 (8)(18) 

-0.00403 (1)(2) 

-0.00045 (0)(1) 

Ue(fns) 

0.02562 (5)(11) 

0.04113 (8)(18) 

0.00497(1) (2) 

0. 

WK(fns) 

-0.00237 (1)(1) 

-0.00362(1) (2) 

-0.00057 

-0.00001 

SESE 

-0.00718 (2) 

-0.01114(15) 

-0.00020 (8) 

-0.00061 (12) 

SEVP 

0.0054(17) 

0.0085 (25) 

0.00110 (57) 

0.00017(1) 

VPVP 

-0.0043 (16) 

-0.0062 (22) 

-0.00118 (48) 

-0.00005 (2) 

REC 

0.00116(1) 

0.00203 (4) 

0.00044 (4) 

0.00005 

RRM 

-0.00001 

-0.00001 

0. 

0. 

NUCL 

-0.00101 (50) 

-0.00157(79) 

-0.00021 (10) 

0. 

REC(fns) 

-0.00023(10) 

-0.00036 (17) 

-0.00003 (8) 

0.00000(1) 

Total 

2.1195 (31)(47) 

3.2980 (48)(74) 

0.48085 (87) (98) 

0.30020 (12)(1) 

Z = 97, 
SE(pnt) 

R = 5.815 (58) fm. M/m = 450286 

1.51019 2.30305 

0.39606 

0.30713 

Ue(pnt) 

-0.45369 

-0.67026 

-0.13346 

-0.00467 

WK(pnt) 

0.02697 

0.03734 

0.01026 

0.00092 

ENS 

1.094 (2)(15) 

1.747 (4)(25) 

0.2382 (5)(34) 

0. 

SE(fns) 

-0.02658 (6)(38) 

-0.04411 (9)(62) 

-0.00452 (1)(6) 

-0.00048 (0)(2) 

Ue(fns) 

0.02767 (6)(39) 

0.04492 (9) (63) 

0.00560 (1)(8) 

0. 

WK(fns) 

-0.00254 (1)(4) 

-0.00391 (1) (6) 

-0.00063 (0)(1) 

-0.00001 

SESE 

-0.00735 (2) 

-0.01150(15) 

-0.00026 (8) 

-0.00063 (12) 

SEVP 

0.0056 (17) 

0.0089 (26) 

0.00119 (61) 

0.00018(1) 

VPVP 

-0.0044(16) 

-0.0065 (24) 

-0.00126 (51) 

-0.00005 (2) 

REC 

0.00121(1) 

0.00213 (4) 

0.00047 (4) 

0.00005 

RRM 

-0.00001 

-0.00001 

0. 

0. 

NUCL 

-0.0011(11) 

-0.0017(17) 

-0.00024 (24) 

0. 

REC(fns) 

-0.00026 (10) 

-0.00041 (17) 

-0.00004 (9) 

0.00000(1) 

Total 

2.169 (3)(15) 

3.405 (5)(25) 

0.5114 (10)(34) 

0.30245 (13) (2) 

Z = 98, 
SE(pnt) 

^“Cf, R = 5.850 (58) fm. M/m = 459420 

1.51609 2.32808(1) 

0.41369 

0.30947 

Ue(pnt) 

-0.46480 

-0.69316 

-0.14190 

-0.00477 

WK(pnt) 

0.02802 

0.03912 

0.01103 

0.00096 

ENS 

1.172 (2)(16) 

1.892 (4)(26) 

0.2663 (5)(37) 

0. 

SE(fns) 

-0.02899 (6)(41) 

-0.0486(1) (7) 

-0.00517 (1)(7) 

-0.00052 (0)(2) 

Ue(fns) 

0.03042 (6)(43) 

0.0499(1) (7) 

0.00644(1) (9) 

0. 

WK(fns) 

-0.00277 (1)(4) 

-0.00432 (1)(6) 

-0.00072 (0)(1) 

-0.00001 

SESE 

-0.00752(1) 

-0.01188(15) 

-0.00034 (8) 

-0.00064(13) 

SEVP 

0.0058(18) 

0.0094 (27) 

0.00130 (65) 

0.00018(1) 

VPVP 

-0.0045(17) 

-0.0067(25) 

-0.00135 (55) 

-0.00005 (3) 

REC 

0.00124(1) 

0.00221 (4) 

0.00050 (4) 

0.00005 

RRM 

-0.00001 

-0.00002 

0. 

0. 

NUCL 

-0.00112(56) 

-0.00179 (89) 

-0.00025(13) 

0. 

REC(fns) 

-0.0003(1) 

-0.00046 (17) 

-0.00004(10) 

0.00000(1) 

Total 

2.244 (3)(16) 

3.554 (5)(26) 

0.5494 (10)(37) 

0.30468 (13) (2) 

Z = 99, 
SE(pnt) 

^“Es, R = 5.850 (58) fm. M/m = 459421 

1.52275 2.35473(1) 

0.43221 

0.31181 

Ue(pnt) 

-0.47656 

-0.71754 

-0.15100 

-0.00487 
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WK(pnt) 

0.02912 

0.04101 

0.01186 

0.00100 

FNS 

1.248 (3)(17) 

2.035 (4) (28) 

0.2954 (6)(41) 

0. 

SE(fns) 

-0.03138 (7)(43) 

-0.0532 (1)(7) 

-0.00588 (1)(8) 

-0.00056 (0)(2) 

Ue(fns) 

0.03324 (7)(46) 

0.0552 (1)(8) 

0.00735 (1)(10) 

0. 

WK(fns) 

-0.00300 (1)(4) 

-0.00472(1) (7) 

-0.00081 (0)(1) 

-0.00001 

SESE 

-0.00770(1) 

-0.01227(16) 

-0.00041 (9) 

-0.00065 (13) 

SEVP 

0.0060(19) 

0.0098 (28) 

0.00141 (69) 

0.00019(1) 

VP VP 

-0.0046 (18) 

-0.0070 (26) 

-0.00144 (60) 

-0.00005 (3) 

REC 

0.00131(1) 

0.00234 (4) 

0.00053 (4) 

0.00006 

RRM 

-0.00001 

-0.00002 

0. 

0. 

NUCL 

-0.0012(12) 

-0.0020 (20) 

-0.00030 (30) 

0. 

REC(fns) 

-0.0004(1) 

-0.00053 (17) 

-0.00004(12) 

0.00000(1) 

Total 

2.315 (4)(17) 

3.701 (6)(28) 

0.5889 (11)(41) 

0.30691 (13)(2) 

Z = 100, 

R = 5.857 (59) fm, M/ 

m = 461247 



SE(pnt) 

1.53020 

2.38312 

0.45171 

0.31413 

Ue(pnt) 

-0.48903 

-0.74353 

-0.16084 

-0.00497 

WK(pnt) 

0.03027 

0.04302 

0.01277 

0.00104 

ENS 

1.332 (3)(18) 

2.195 (5)(30) 

0.3287 (7)(45) 

0. 

SE(fns) 

-0.03406 (7)(47) 

-0.0584 (1)(8) 

-0.00670 (1)(9) 

-0.00060(0) (2) 

Ue(fns) 

0.03643 (8)(50) 

0.0612 (1)(8) 

0.00843 (2)(12) 

0. 

WK(fns) 

-0.00326 (1)(4) 

-0.00518 (1)(7) 

-0.00092 (0)(1) 

-0.00001 

SESE 

-0.00788 (1) 

-0.01267(16) 

-0.00050 (7) 

-0.00066 (12) 

SEVP 

0.0062(19) 

0.0103(30) 

0.00153 (73) 

0.00019(1) 

VP VP 

-0.0048 (18) 

-0.0073 (27) 

-0.00155 (64) 

-0.00005 (3) 

REC 

0.00139 

0.00247 (4) 

0.00057 (4) 

0.00006 

RRM 

-0.00001 

-0.00002 

0. 

0. 

NUCL 

-0.0013(13) 

-0.0022 (22) 

-0.00033 (33) 

0. 

REC(fns) 

-0.0004(1) 

-0.00061 (17) 

-0.00005(14) 

0.00000 (1) 

Total 

2.395 (4)(18) 

3.865 (6)(30) 

0.6328 (12)(45) 

0.30913 (13)(2) 

Z = 101, 

2®®Md, R = 5.892 (59) fm, M/ 

'm = 470385 



SE(pnt) 

1.53848 

2.41335 (2) 

0.47226 

0.31645 

Ue(pnt) 

-0.50226 

-0.77129 

-0.17148 

-0.00507 

WK(pnt) 

0.03149 

0.04516 

0.01375 

0.00108 

ENS 

1.432 (3)(19) 

2.385 (5)(32) 

0.3685 (7)(50) 

0. 

SE(fns) 

-0.03722 (8)(50) 

-0.0646 (1)(9) 

-0.00768 (2)(10) 

-0.00065 (0)(2) 

Ue(fns) 

0.04015 (8)(54) 

0.0682 (1)(9) 

0.00971 (2)(13) 

0. 

WK(fns) 

-0.00356 (1)(5) 

-0.00573 (1)(8) 

-0.00104 (0)(1) 

-0.00001 

SESE 

-0.00806(11) 

-0.01308 (20) 

-0.00059 (8) 

-0.00066 (12) 

SEVP 

0.0064(20) 

0.0108(32) 

0.00166 (93) 

0.00020 (2) 

VP VP 

-0.0049 (19) 

-0.0076 (29) 

-0.00167(70) 

-0.00005 (3) 

REC 

0.00145(1) 

0.00257 (45) 

0.00060(13) 

0.00006 

RRM 

-0.00001 

-0.00002 

0. 

0. 

NUCL 

-0.0014(14) 

-0.0024(24) 

-0.00037(37) 

0. 

REC(fns) 

-0.00048 (40) 

-0.00069 (66) 

-0.00006(16) 

0.00000 (2) 

Total 

2.492 (4)(19) 

4.060 (7)(32) 

0.6836 (14)(50) 

0.31133 (13)(2) 

Z = 102, 

259No, R = 5.899 (59) fm, M/ 

m = 472212 



SE(pnt) 

1.54764(1) 

2.44554 (2) 

0.49395 

0.31877 

Ue(pnt) 

-0.51634 

-0.80099 

-0.18303 

-0.00518 

WK(pnt) 

0.03278 

0.04745 

0.01482 

0.00112 

ENS 

1.530 (3)(20) 

2.578 (5)(34) 

0.4110 (8)(55) 

0. 

SE(fns) 

-0.04046 (8)(54) 

-0.0710 (1)(9) 

-0.00877 (2)(12) 

-0.00070 (0)(3) 

Ue(fns) 

0.04410 (9)(59) 

0.0758 (2)(10) 

0.01116 (2)(15) 

0. 

WK(fns) 

-0.00387 (1)(5) 

-0.00630 (1)(8) 

-0.00118 (0)(2) 

-0.00001 

SESE 

-0.00825(12) 

-0.01351 (20) 

-0.00068 (8) 

-0.00067(13) 

SEVP 

0.0067(21) 

0.0113(33) 

0.00179 (97) 

0.00021 (2) 

VP VP 

-0.0051 (20) 

-0.0079 (30) 

-0.00180 (76) 

-0.00005 (3) 

REC 

0.00155(1) 

0.00271 (46) 

0.00064 (13) 

0.00006 

RRM 

-0.00001 

-0.00002 

0. 

0. 

NUCL 

-0.0015(15) 

-0.0026 (26) 

-0.00041 (41) 

0. 

REC(fns) 

-0.00056 (40) 

-0.00079 (66) 

-0.00006(19) 

0.00000 (2) 

Total 

2.587 (5)(20) 

4.257 (7)(34) 

0.7374 (16)(55) 

0.31353 (13)(3) 
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^ = 103, 

2®2Lr, R = 5.919 (59) fm, M/m = 477695 



SE(pnt) 

1.55772 

2.47982 (2) 

0.51687 

0.32107 

Ue(pnt) 

-0.53133 

-0.83280 

-0.19557 

-0.00528 

WK(pnt) 

0.03415 

0.04990 

0.01598 

0.00116 

FNS 

1.643 (3)(22) 

2.797 (6)(37) 

0.4604 (9)(61) 

0. 

SE(fns) 

-0.04416 (9)(58) 

-0.0784 (2)(10) 

-0.01005 (2)(13) 

-0.00075 (0)(3) 

Ue(fns) 

0.0486 (1)(6) 

0.0845 (2)(11) 

0.01288 (3)(17) 

0. 

WK(fns) 

-0.00423 (1)(6) 

-0.00695 (2) (9) 

-0.00134 (0)(2) 

-0.00002 

SESE 

-0.00844(12) 

-0.01396 (21) 

-0.00078 (8) 

-0.00067(13) 

SEVP 

0.0069(21) 

0.0118(35) 

0.0019(10) 

0.00021 (2) 

VP VP 

-0.0052(21) 

-0.0083 (32) 

-0.00194 (83) 

-0.00006 (3) 

REC 

0.00165(2) 

0.00284 (47) 

0.00068(13) 

0.00006 

RRM 

-0.00001 

-0.00002 

0. 

0. 

NUCL 

-0.0016(16) 

-0.0028 (28) 

-0.00046 (46) 

0. 

REC(fns) 

-0.00065 (41) 

-0.00090 (66) 

-0.00007(22) 

0.00000 (2) 

Total 

2.696 (5)(22) 

4.482 (8)(37) 

0.7985 (17)(61) 

0.31572 (13)(3) 

Z = 104, 

2®iRf, R = 5.913 (59) fm, M/' 

m = 475870 



SE(pnt) 

1.56879 

2.51635 (2) 

0.54114(1) 

0.32336 

Ue(pnt) 

-0.54731 

-0.86695 

-0.20922 

-0.00539 

WK(pnt) 

0.03559 

0.05252 

0.01725 

0.00121 

ENS 

1.755 (4)(23) 

3.022 (6)(39) 

0.5133 (11)(67) 

0. 

SE(fns) 

-0.0480 (1)(6) 

-0.0862 (2)(11) 

-0.01148 (2)(15) 

-0.00080 (0)(3) 

Ue(fns) 

0.0534 (1)(7) 

0.0940 (2) (12) 

0.01482 (3)(19) 

0. 

WK(fns) 

-0.00460 (1)(6) 

-0.00765 (2)(10) 

-0.00152 (0)(2) 

-0.00002 

SESE 

-0.00864(12) 

-0.01442 (21) 

-0.00089 (9) 

-0.00068 (13) 

SEVP 

0.0072 (22) 

0.0124(36) 

0.0021(11) 

0.00022 (2) 

VPVP 

-0.0054(21) 

-0.0086 (33) 

-0.00209 (90) 

-0.00006 (3) 

REC 

0.00178 (3) 

0.00302 (49) 

0.00073 (14) 

0.00006 

RRM 

-0.00001 

-0.00002 

-0.00001 

0. 

NUCL 

-0.0018(18) 

-0.0030 (30) 

-0.00051 (51) 

0. 

REC(fns) 

-0.00074(41) 

-0.00102 (67) 

-0.00008 (25) 

0.00000 (2) 

Total 

2.805 (5)(23) 

4.712 (9)(39) 

0.8636 (18)(67) 

0.31790 (14)(3) 

Z = 105, 

2®2Db, R = 5.919 (59) fm. M/m = 477701 



SE(pnt) 

1.58091 

2.55530 

0.56688(1) 

0.32564 

Ue(pnt) 

-0.56440 

-0.90366 

-0.22410 

-0.00550 

WK(pnt) 

0.03712 

0.05532 

0.01863 

0.00125 

FNS 

1.882 (4) (24) 

3.277 (7)(42) 

0.5748 (12)(74) 

0. 

SE(fns) 

-0.0523 (1)(7) 

-0.0951 (2)(12) 

-0.01317 (3)(17) 

-0.00086 (0)(3) 

Ue(fns) 

0.0589 (1)(8) 

0.1049 (2)(13) 

0.01712 (4)(22) 

0. 

WK(fns) 

-0.00502 (1)(6) 

-0.00844 (2)(11) 

-0.00173 (0)(2) 

-0.00002 

SESE 

-0.00884(12) 

-0.01490(22) 

-0.00100(10) 

-0.00068 (13) 

SEVP 

0.0075 (23) 

0.0130 (38) 

0.0023(11) 

0.00022 (2) 

VPVP 

-0.0056 (22) 

-0.0090 (35) 

-0.00225 (97) 

-0.00006 (3) 

REC 

0.00191(3) 

0.00319 (50) 

0.00078 (14) 

0.00006 

RRM 

-0.00001 

-0.00002 

-0.00001 

0. 

NUCL 

-0.0019(19) 

-0.0033 (33) 

-0.00057(57) 

0. 

REC(fns) 

-0.00084(41) 

-0.00115(67) 

-0.00009 (28) 

0.00000 (2) 

Total 

2.929 (5)(24) 

4.973 (9)(42) 

0.9375 (20)(74) 

0.32006 (14) (3) 

Z = 106, 

2®®Sg, R = 5.947 (59) fm, M/ 

m = 485006 



SE(pnt) 

1.59415 

2.59684(2) 

0.59423 (1) 

0.32790 

Ue(pnt) 

-0.58268 

-0.94323 

-0.24037 

-0.00561 

WK(pnt) 

0.03875 

0.05834 

0.02015 

0.00130 

FNS 

2.029 (4)(26) 

3.574 (7)(45) 

0.6475 (13)(82) 

0. 

SE(fns) 

-0.0574 (1)(7) 

-0.1056 (2)(13) 

-0.01520 (3)(19) 

-0.00092 (0)(3) 

Ue(fns) 

0.0652 (1)(8) 

0.1177 (2)(15) 

0.01987 (4)(25) 

0. 

WK(fns) 

-0.00551 (1)(7) 

-0.00938 (2)(12) 

-0.00199 (0)(3) 

-0.00002 

SESE 

-0.00905 (24) 

-0.01540(30) 

-0.00112(12) 

-0.00068 (14) 

SEVP 

0.0078 (24) 

0.0136 (39) 

0.0024(12) 

0.00023 (2) 

VPVP 

-0.0058 (23) 

-0.0094 (37) 

-0.0024(11) 

-0.00006 (3) 

REC 

0.00204 (4) 

0.00333 (51) 

0.00082 (14) 

0.00006 

RRM 

-0.00001 

-0.00002 

-0.00001 

0. 


40 


NUCL 

-0.0020 (20) 

-0.0036 (36) 

-0.00065 (65) 

0. 

REC(fns) 

-0.00096 (41) 

-0.00129 (67) 

-0.00010 (32) 

0.00000 (2) 

Total 

3.074 (6) (26) 

5.276 (10)(45) 

1.0232 (22)(82) 

0.32220 (15)(3) 

Z = 107, 

R = 5.933 (59) fm, M/ 

m = 481364 



SE(pnt) 

1.60859(1) 

2.64119 (2) 

0.62334(1) 

0.33015 

Ue(pnt) 

-0.60229 

-0.98595 

-0.25819 

-0.00572 

WK(pnt) 

0.04049 

0.06159 

0.02181 

0.00135 

ENS 

2.172 (5)(27) 

3.870 (8)(48) 

0.7241 (15)(90) 

0. 

SE(fns) 

-0.0625 (1)(8) 

-0.1163 (2)(15) 

-0.01741 (4)(22) 

-0.00098 (0)(4) 

Ue(fns) 

0.0720 (2)(9) 

0.1314 (3)(16) 

0.02297 (5)(29) 

0. 

WK(fns) 

-0.00601 (1)(8) 

-0.01035 (3)(13) 

-0.00226 (1)(3) 

-0.00002 

SESE 

-0.00927(24) 

-0.01592 (31) 

-0.00125(14) 

-0.00068 (14) 

SEVP 

0.0081 (25) 

0.0142 (41) 

0.0026(12) 

0.00024(2) 

VP VP 

-0.0060 (24) 

-0.0099 (39) 

-0.0026(11) 

-0.00006 (4) 

REC 

0.00222 (4) 

0.00355 (53) 

0.00089(15) 

0.00007 

RRM 

-0.00001 

-0.00003 

-0.00001 

0. 

NUCL 

-0.0022(22) 

-0.0039 (39) 

-0.00072 (72) 

0. 

REC(fns) 

-0.00108 (41) 

-0.00145 (67) 

-0.00011 (36) 

0.00000 (3) 

Total 

3.214 (6)(27) 

5.578 (11)(48) 

1.1131 (24)(91) 

0.32433 (15) (4) 

Z = 108, 

R = 5.967 (60) fm, M/ 

m = 490495 



SE(pnt) 

1.62432(1) 

2.68859 (2) 

0.65438(1) 

0.33238 

Ue(pnt) 

-0.62337 

-1.03219 

-0.27776 

-0.00584 

WK(pnt) 

0.04234 

0.06509 

0.02363 

0.00140 

ENS 

2.350 (5)(29) 

4.237 (9)(52) 

0.819 (2)(10) 

0. 

SE(fns) 

-0.0688 (1)(8) 

-0.1296 (3)(16) 

-0.02019 (4)(25) 

-0.00105 (0)(4) 

Ue(fns) 

0.0800 (2)(10) 

0.1480 (3)(18) 

0.02680 (5)(33) 

0. 

WK(fns) 

-0.00663 (2)(8) 

-0.01155 (3)(14) 

-0.00261 (1)(3) 

-0.00002 

SESE 

-0.00950(24) 

-0.01646 (33) 

-0.00138(17) 

-0.00068 (15) 

SEVP 

0.0084(25) 

0.0149 (43) 

0.0028(13) 

0.00024(2) 

VP VP 

-0.0062 (25) 

-0.0103 (41) 

-0.0028(12) 

-0.00006 (4) 

REC 

0.00237(3) 

0.00370 (53) 

0.00093(15) 

0.00007 

RRM 

-0.00001 

-0.00003 

-0.00001 

0. 

NUCL 

-0.0023 (24) 

-0.0042 (42) 

-0.00082 (82) 

0. 

REC(fns) 

-0.00121 (41) 

-0.00161 (66) 

-0.00012 (41) 

0.00000 (3) 

Total 

3.390 (7) (29) 

5.951 (11)(52) 

1.222 (3)(10) 

0.32644 (16) (4) 

Z = 109, 

2®®Mt, R = 5.960 (60) fm, M/ 

m = 488680 



SE(pnt) 

1.64144(1) 

2.73929 (2) 

0.68756(1) 

0.33459 

Ue(pnt) 

-0.64608 

-1.08235 

-0.29931 

-0.00596 

WK(pnt) 

0.04431 

0.06887 

0.02563 

0.00145 

ENS 

2.525 (5)(31) 

4.607 (10)(56) 

0.920 (2)(11) 

0. 

SE(fns) 

-0.0752 (2)(9) 

-0.1434 (3)(17) 

-0.02325 (5)(28) 

-0.00111 (0)(4) 

Ue(fns) 

0.0886 (2)(11) 

0.1660 (3) (20) 

0.03115 (6)(38) 

0. 

WK(fns) 

-0.00726 (2)(9) 

-0.01281 (3)(16) 

-0.00298 (1)(4) 

-0.00002 

SESE 

-0.00974(25) 

-0.01703 (34) 

-0.00152 (20) 

-0.00068 (15) 

SEVP 

0.0087(26) 

0.0156 (44) 

0.0030(14) 

0.00025 (2) 

VP VP 

-0.0064(26) 

-0.0108 (43) 

-0.0030(13) 

-0.00006 (4) 

REC 

0.00258 (2) 

0.00393 (55) 

0.00100(15) 

0.00007 

RRM 

-0.00001 

-0.00003 

-0.00001 

0. 

NUCL 

-0.0025(25) 

-0.0046 (46) 

-0.00092 (92) 

0. 

REC(fns) 

-0.00135 (40) 

-0.00178 (66) 

-0.00013 (45) 

0.00000 (3) 

Total 

3.562 (7)(31) 

6.327 (12)(56) 

1.338 (3)(11) 

0.32853 (16) (4) 

Z = 110, 

R = 5.993 (60) fm, M/ 

m = 497811 



SE(pnt) 

1.66006 

2.79359(1) 

0.72310 

0.33678 

Ue(pnt) 

-0.67061 

-1.13691 

-0.32311 

-0.00608 

WK(pnt) 

0.04643 

0.07297 

0.02784 

0.00151 

ENS 

2.738 (6)(33) 

5.055 (10)(60) 

1.044 (2)(12) 

0. 

SE(fns) 

-0.0830 (2)(10) 

-0.1601 (3)(19) 

-0.02704 (6)(32) 

-0.00118 (0)(4) 

Ue(fns) 

0.0989 (2)(12) 

0.1875 (4) (22) 

0.03649 (7)(44) 

0. 

WK(fns) 

-0.00803 (2)(10) 

-0.01434 (3)(17) 

-0.00345(1) (4) 

-0.00003 

SESE 

-0.00998 (25) 

-0.01761 (37) 

-0.00167(25) 

-0.00067(16) 

SEVP 

0.0091 (27) 

0.0163 (46) 

0.0032(14) 

0.00025 (2) 
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VPVP 

-0.0066 (28) 

-0.0113(45) 

-0.0032(14) 

-0.00006 (4) 

REC 

0.00275 

0.00409 (55) 

0.00105(15) 

0.00007 

RRM 

-0.00001 

-0.00003 

-0.00001 

0. 

NUCL 

-0.0027(27) 

-0.0051 (51) 

-0.0010(10) 

0. 

REC(fns) 

-0.00149 (40) 

-0.00197(66) 

-0.00014 (51) 

0.00000 (3) 

Total 

3.773 (7) (33) 

6.782 (13)(60) 

1.476 (3)(12) 

0.33058 (17)(4) 


TABLE III: Ionization energy of the ground state and the energy level separation 
intervals in hydrogenlike atoms, in Rydbergs. Z is the nuclear charge, ^H, ^He, 
... are the isotope symbols, R is the root-mean-square nuclear charge radius in 
fermi, Mjm is the ratio of the nuclear mass and the electron mass, “DIRAC” de¬ 
notes the binding energy or the transition energy according to the Dirac equation 
with the point nucleus i?D, “MASS” denotes the leading recoil correction Em, 
“LAMB” denotes the Lamb shift iJn, and “TOTAL” denotes the total binding 
energy or transition energies. The numbers in parenthesis denote uncertainties in 
the last figure(s). 



Is 

2s — Is 

2 pi /2 - 2s 

2p3/2 — 2pi/2 

Z = l, 

, 7? = 0.8775 (51) fm, M/m = 1836.1526724 (8) 



DIRAC 

-1.0000133131931 

0.7500091528147 

0 

0.000003328320432 (2) 

MASS 

0.0005443205755 (2) 

-0.0004082386190 (2) 

0 

-0.000000001812648 

LAMB 

0.0000024842735 (43) - 

-0.0000021666270 (43) 

-0.00000032154868 (54) 

0.000000007707557 (33) 

TOTAL 

-0.9994665083441 (43) 

0.7495987475687 (43) 

-0.00000032154868 (54) 

0.000003334215341 (33) 

Z = 2, 

"‘He, R = 1.6755 (28) fm, M/m = 7294.299529 (3) 



DIRAC 

-4.000213028107 

3.000146456469 

0 

0.00005325844480 (3) 

MASS 

0.000548298255 

-0.000411216390 

0 

-0.00000000730118 

LAMB 

0.000032734903 (77) 

-0.000028528934 (78) 

-0.0000042681250 (97) 

0.00000012330461 (80) 

TOTAL 

-3.999631994949 (77) 

2.999706711145(78) 

-0.0000042681250 (97) 

0.00005337444822 (80) 

Z = 3, 

■^Li, R = 2.444 (42) fm, M/m 

= 12786.39226 (1) 



DIRAC 

-9.0010785984 

6.7507415324 

0 

0.0002696657591 (2) 

MASS 

0.0007038182 

-0.0005278426 

0 

-0.0000000210888 

LAMB 

0.0001453889 (80) 

-0.0001266358 (80) 

-0.0000190657 (10) 

0.0000006234742 (65) 

TOTAL 

-9.0002293913 (80) 

6.7500870539 (80) 

-0.0000190657 (10) 

0.0002702681446 (65) 

Z = 4, 

®Be, R = 2.519 (12) fm. M/m 

, = 16424.2055 (2) 



DIRAC 

-16.0034095393 

12.0023440356 

0 

0.000852475642 (1) 

MASS 

0.0009741126 

-0.0007305326 

0 

-0.000000051898 

LAMB 

0.0004146094 (76) 

-0.0003609451 (77) 

-0.00005464447 (95) 

0.000001967343 (31) 

TOTAL 

-16.0020208173(76) 

12.0012525579 (77) 

-0.00005464447 (95) 

0.000854391087 (31) 

Z = 5, 

“B , i? = 2.406 (29) fm. M/m = 20063.7373 (8) 



DIRAC 

-25.008326067 

18.755724085 

0 

0.00208186334 

MASS 

0.001245967 

-0.000934371 

0 

-0.00000010375 

LAMB 

0.000928670 (43) 

-0.000808079 (43) 

-0.0001229609 (54) 

0.00000479416 (11) 

TOTAL 

-25.006151430 (43) 

18.753981634 (43) 

-0.0001229609 (54) 

0.00208655375 (11) 

Z = 6, 

R = 2.4702 (22) fm, M/; 

m = 21868.66386 (4) 



DIRAC 

-36.017269997 

27.011872864 

0 

0.0043185344 

MASS 

0.001646116 

-0.001234389 

0 

-0.0000001974 

LAMB 

0.001787367(16) 

-0.001554556(16) 

-0.0002376739 (23) 

0.0000099207 (20) 

TOTAL 

-36.013836514(16) 

27.009083918 (16) 

-0.0002376739 (23) 

0.0043282577 (20) 

Z = 7, 

, 7? = 2.5582 (70) fm, M/ 

m = 25519.04531 (6) 



DIRAC 

-49.032005896 

36.772003400 

0 

0.0080040859 

MASS 

0.001920059 

-0.001439731 

0 

-0.0000003135 

LAMB 

0.003098999 (53) 

-0.002694139 (53) 

-0.0004137624 (71) 

0.0000183373 (32) 

TOTAL 

-49.026986838 (53) 

36.767869531 (53) 

-0.0004137624 (71) 

0.0080221097(32) 

Z = 8, 

^®0 , R = 2.6991 (52) fm. M/m = 29148.94975 (8) 



DIRAC 

-64.054622506 

48.037551516 

0 

0.0136614501 

MASS 

0.002195544 

-0.001646190 

0 

-0.0000004685 
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LAMB 

0.004979629 (88) 

-0.004327183 (89) 

-0.000667436 (12) 

TOTAL 

-64.047447333 (88) 

48.031578144(89) 

-0.000667436 (12) 

^ = 9, , i? = 2.8976 (25) fm, M/m = 34622.9757 (1) 


DIRAC 

-81.08753442 

60.81017696 

0 

MASS 

0.00233942 

-0.00175393 

0 

LAMB 

0.00755197(14) 

-0.00655965(14) 

-0.001015990(18) 

TOTAL 

-81.07764303 (14) 

60.80186337(14) 

-0.001015990(18) 

^ = 10, 

2°Ne, R = 3.0055 (21) fm. 

M/m = 36433.9959 (1) 


DIRAC 

-100.13348403 

75.09176471 

0 

MASS 

0.00274461 

-0.00205754 

0 

LAMB 

0.01094081 (24) 

-0.00949911 (24) 

-0.001477241 (31) 

TOTAL 

-100.11979861 (24) 

75.08020805 (24) 

-0.001477241 (31) 

^ = 11, 

^®Na, R = 2.9936 (21) fm. 

M/m = 41896.7944 (2) 


DIRAC 

-121.19554376 

90.88442647 

0 

MASS 

0.00288798 

-0.00216482 

0 

LAMB 

0.01527289 (41) 

-0.01325461 (41) 

-0.002069486 (54) 

TOTAL 

-121.17738289 (41) 

90.86900704 (41) 

-0.002069486 (54) 

^ = 12, 

^'‘Mg, R = 3.0570 (16) fm, M/m = 43710.0670 (2) 


DIRAC 

-144.27711854 

108.19050235 

0 

MASS 

0.00329436 

-0.00246919 

0 

LAMB 

0.02068903 (53) 

-0.01794726 (53) 

-0.002813061 (69) 

TOTAL 

-144.25313515 (53) 

108.17008590 (53) 

-0.002813061 (69) 

^ = 13, 

^^Al, R = 3.0610 (31) fm. 

M/m = 49171.3489 (3) 


DIRAC 

-169.38194860 

127.01256271 

0 

MASS 

0.00343689 

-0.00257573 

0 

LAMB 

0.02731893 (88) 

-0.02368825 (88) 

-0.00372712 (11) 

TOTAL 

-169.35119278 (88) 

126.98629873 (88) 

-0.00372712 (11) 

^ = 14, 

^®Si, i? = 3.1224 (24) fm, 

M/m = 50984.8327 (3) 


DIRAC 

-196.5141125 

147.3534102 

0 

MASS 

0.0038442 

-0.0028806 

0 

LAMB 

0.0353123 (13) 

-0.0306059 (13) 

-0.00483361 (17) 

TOTAL 

-196.4749560 (13) 

147.3199237(13) 

-0.00483361 (17) 

^ = 15, 

i? = 3.1889 (19) fm, 

M/m = 56446.7324 (4) 


DIRAC 

-225.67803051 

169.21608219 

0 

MASS 

0.00398599 

-0.00298649 

0 

LAMB 

0.04480849 (98) 

-0.03881947(99) 

-0.00615341 (14) 

TOTAL 

-225.62923603 (98) 

169.17427623 (99) 

-0.00615341 (14) 

^ = 16, 

^^S, 7? = 3.2611 (18) fm, 

M/m = 58265.5417 (4) 


DIRAC 

-256.8784683 

192.6038528 

0 

MASS 

0.0043936 

-0.0032914 

0 

LAMB 

0.0559554(14) 

-0.0484551 (14) 

-0.00770873 (21) 

TOTAL 

-256.8181192 (14) 

192.5521063(14) 

-0.00770873 (21) 

^ = 17, 

®®C1, R = 3.365 (19) fm, M/m = 63727.3436 (5) 


DIRAC 

-290.1205407 

217.5202361 

0 

MASS 

0.0045349 

-0.0033968 

0 

LAMB 

0.0689088 (59) 

-0.0596456 (60) 

-0.00952295 (77) 

TOTAL 

-290.0470970 (59) 

217.4571938 (60) 

-0.00952295 (77) 

^ = 18, 

'‘°Ar, R = 3.4274 (26) fm. 

M/m = 72828.9963 (6) 


DIRAC 

-325.4097162 

243.9689885 

0 

MASS 

0.0044487 

-0.0033317 

0 

LAMB 

0.0837992 (27) 

-0.0725016 (27) 

-0.01161655 (40) 

TOTAL 

-325.3214683 (27) 

243.8931552 (27) 

-0.01161655 (40) 

^ = 19, 

®®K , R = 3.4349 (19) fm. M/m = 71007.5241 (6) 


DIRAC 

-362.7518216 

271.9541122 

0 

MASS 

0.0050839 

-0.0038068 

0 


0.0000312064 (56) 
0.0136921881 (56) 


0.0218954199 
-0.0000006321 
0.0000498573 (96) 
0.0219446451 (96) 


0.033393259 
-0.000000916 
0.000075776 (10) 
0.033468118 (10) 


0.048925395 
-0.000001167 
0.000110622 (10) 
0.049034850 (10) 


0.069346202 
-0.000001585 
0.000156204 (17) 
0.069500820 (17) 


0.095594869 
-0.000001942 
0.000214479 (27) 
0.095807406 (27) 


0.128696358 
-0.000002521 
0.000287555 (42) 
0.128981392 (42) 


0.169762453 
-0.000003003 
0.000377699 (64) 
0.170137149 (64) 


0.219992906 
-0.000003769 
0.000487269 (94) 
0.220476406 (94) 


0.28067668 
-0.00000440 
0.00061880 (13) 
0.28129108 (13) 


0.35319327 
-0.00000484 
0.00077496 (19) 
0.35396338 (19) 


0.43901417 

-0.00000617 
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LAMB 

0.1007665 (35) 

-0.0871414 (35) 

-0.01401159 (53) 

TOTAL 

-362.6459712 (35) 

271.8631640 (35) 

-0.01401159 (53) 

to 

o 

'‘“Ca, R = 3.4776 (19) fm, M/ 

m = 72827.3831 (7) 


DIRAC 

-402.1530464 

301.4798580 

0 

MASS 

0.0054924 

-0.0041119 

0 

LAMB 

0.1199962 (45) 

-0.1037229 (45) 

-0.01673584(69) 

TOTAL 

-402.0275579 (45) 

301.3720232 (45) 

-0.01673584 (69) 

Z = 21, 

'‘^Sc, R = 3.5459 (25) fm, M/- 

m = 81928.648 (2) 


DIRAC 

-443.6199488 

332.5507295 

0 

MASS 

0.0053827 

-0.0040290 

0 

LAMB 

0.1416477(61) 

-0.1223811 (61) 

-0.01981407(93) 

TOTAL 

-443.4729184(61) 

332.4243194 (61) 

-0.01981407 (93) 

Z = 22, 

'‘®Ti, R = 3.5921 (17) fm. M/m = 87381.797 (1) 


DIRAC 

-487.1594606 

365.1714863 

0 

MASS 

0.0055388 

-0.0041451 

0 

LAMB 

0.1658527(76) 

-0.1432259 (77) 

-0.0232680 (12) 

TOTAL 

-486.9880691 (76) 

365.0241153 (77) 

-0.0232680 (12) 

to 

CO 

, i? = 3.6002 (22) fm. M/m = 92842.203 (2) 


DIRAC 

-532.7788938 

399.347148 

0 

MASS 

0.0056978 

-0.004263 

0 

LAMB 

0.1927400 (99) 

-0.166365(10) 

-0.0271191 (15) 

TOTAL 

-532.5804561 (99) 

399.176520(10) 

-0.0271191 (15) 

to 

®^Cr, R = 3.6452 (42) fm, M/: 

m = 94657.807 (2) 


DIRAC 

-580.485946 

435.083000 

0 

MASS 

0.006085 

-0.004552 

0 

LAMB 

0.222551 (14) 

-0.192003(14) 

-0.0314034 (21) 

TOTAL 

-580.257310 (14) 

434.886444(14) 

-0.0314034 (21) 

Z = 25, 

®®Mn, R = 3.7057 (22) fm. M/m = 100120.990 (1) 


DIRAC 

-630.288710 

472.384594 

0 

MASS 

0.006242 

-0.004669 

0 

LAMB 

0.255440 (16) 

-0.220269(16) 

-0.0361458 (25) 

TOTAL 

-630.027027(16) 

472.159656(16) 

-0.0361458 (25) 

Z = 26, 

®®Fe, R = 3.7377 (16) fm, M/' 

m = 101937.220 (2) 


DIRAC 

-682.195674 

511.257758 

0 

MASS 

0.006631 

-0.004958 

0 

LAMB 

0.291506(19) 

-0.251243 (20) 

-0.0413649 (31) 

TOTAL 

-681.897537(19) 

511.001556 (20) 

-0.0413649 (31) 

Z = 27, 

®^Co, R = 3.7875 (21) fm, M/ 

m = 107401.716 (2) 


DIRAC 

-736.215740 

551.708597 

0 

MASS 

0.006788 

-0.005074 

0 

LAMB 

0.330995 (24) 

-0.285134(25) 

-0.0470980 (39) 

TOTAL 

-735.877957 (24) 

551.418389 (25) 

-0.0470980 (39) 

Z = 28, 

®®Ni, R = 3.7757 (20) fm, M/' 

m = 105581.750 (2) 


DIRAC 

-792.358220 

593.743503 

0 

MASS 

0.007425 

-0.005549 

0 

LAMB 

0.373888 (30) 

-0.321917(30) 

-0.0533488 (48) 

TOTAL 

-791.976907(30) 

593.416036 (30) 

-0.0533488 (48) 

Z = 29, 

®^Cu, R = 3.8823 (15) fm, M/ 

m = 114684.728 (2) 


DIRAC 

-850.632854 

637.369154 

0 

MASS 

0.007333 

-0.005479 

0 

LAMB 

0.420857 (36) 

-0.362172 (37) 

-0.0602098 (58) 

TOTAL 

-850.204663 (36) 

637.001503 (37) 

-0.0602098 (58) 

Z = 30, 

®^Zn, R = 3.9283 (15) fm, M/ 

m = 116505.793 (2) 


DIRAC 

-911.049813 

682.592526 

0 

MASS 

0.007725 

-0.005770 

0 


0.00095850 (26) 
0.43996650 (26) 


0.53970440 
-0.00000739 
0.00117235 (35) 
0.54086936 (35) 


0.65692417 
-0.00000799 
0.00141942 (47) 
0.65833560 (47) 


0.79243063 
-0.00000904 
0.00170292 (63) 
0.79412451 (63) 


0.94807975 
-0.00001018 
0.00202605 (82) 
0.95009562 (82) 


1.1258283 

-0.0000118 

0.0023920(11) 

1.1282085(11) 


1.3277361 
-0.0000132 
0.0028044 (13) 
1.3305273 (13) 


1.5559681 

-0.0000152 

0.0032664(17) 

1.5592193(17) 


1.8127968 
-0.0000168 
0.0037816 (21) 
1.8165616 (21) 


2.1006048 
-0.0000198 
0.0043538 (26) 
2.1049389 (26) 


2.4218876 
- 0.0000210 
0.0049862 (33) 
2.4268528 (33) 


2.7792561 

-0.0000237 
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LAMB 

0.471592 (44) 

-0.405618 (44) 

-0.0676479 (70) 

0.0056829 (40) 

TOTAL 

-910.570496 (44) 

682.181138 (44) 

-0.0676479 (70) 

2.7849153 (40) 

^ = 31, 

®®Ga, R = 3.9973 (17) fm. 

M/m = 125612.738 (3) 



DIRAC 

-973.619710 

729.420897 

0 

3.1754399 

MASS 

0.007650 

-0.005713 

0 

-0.0000251 

LAMB 

0.526544 (53) 

-0.452642 (53) 

-0.0757276 (85) 

0.0064472 (49) 

TOTAL 

-973.085516 (53) 

728.962543 (53) 

-0.0757276 (85) 

3.1818620 (49) 

^ = 32, 

'^"‘Ge, R = 4.0742 (12) fm. 

M/m = 134718.176 (2) 



DIRAC 

-1038.353613 

777.861854 

0 

3.6132903 

MASS 

0.007601 

-0.005674 

0 

-0.0000266 

LAMB 

0.585887 (63) 

-0.503384 (64) 

-0.084479 (10) 

0.0072829 (59) 

TOTAL 

-1037.760125 (63) 

777.352796 (64) 

-0.084479 (10) 

3.6205466 (59) 

Z = 33, 

■^^As, R = 4.0968 (20) fm. 

M/m = 136540.833 (3) 



DIRAC 

-1105.263049 

827.923299 

0 

4.0957837 

MASS 

0.007976 

-0.005952 

0 

-0.0000298 

LAMB 

0.649452 (76) 

-0.557690 (77) 

-0.093887 (12) 

0.0081941 (71) 

TOTAL 

-1104.605622 (76) 

827.359656 (77) 

-0.093887 (12) 

4.1039480 (71) 

CO 

®°Se, R = 4.1400 (18) fm. 

M/m = 145645.037 (3) 



DIRAC 

-1174.360021 

879.613456 

0 

4.6260247 

MASS 

0.007937 

-0.005921 

0 

-0.0000315 

LAMB 

0.717828 (90) 

-0.616063 (91) 

-0.104035 (15) 

0.0091840 (85) 

TOTAL 

-1173.634256 (90) 

878.991472 (91) 

-0.104035 (15) 

4.6351772 (85) 

Z = 35, 

’'®Br, R = 4.1629 (21) fm. 

M/m = 143824.468 (4) 



DIRAC 

-1245.65702 

932.94088 

0 

5.2072505 

MASS 

0.00852 

-0.00635 

0 

-0.0000359 

LAMB 

0.79096(11) 

-0.67844(11) 

-0.114924(16) 

0.0102567 (68) 

TOTAL 

-1244.85754(11) 

932.25609(11) 

-0.114924(16) 

5.2174713 (68) 

Z = 36, 

^'‘Kr, = 4.1884 (22) fm. 

M/m = 152925.452 (3) 



DIRAC 

-1319.16702 

987.91447 

0 

5.8428342 

MASS 

0.00847 

-0.00632 

0 

-0.0000379 

LAMB 

0.86919(12) 

-0.74511 (12) 

-0.126606 (19) 

0.0114155 (81) 

TOTAL 

-1318.28936(12) 

987.16304(12) 

-0.126606 (19) 

5.8542118 (81) 

CO 

II 

®®Rb, R = 4.2036 (24) fm. 

M/m = 154747.883 (3) 



DIRAC 

-1394.90353 

1044.54347 

0 

6.5362890 

MASS 

0.00885 

-0.00659 

0 

-0.0000418 

LAMB 

0.95259(15) 

-0.81613(15) 

-0.139099 (22) 

0.0126641 (95) 

TOTAL 

-1393.94210(15) 

1043.72074(15) 

-0.139099 (22) 

6.5489112 (95) 

Z = 38, 

®®Sr, R = 4.2240 (18) fm. M/m = 160204.298 (4) 



DIRAC 

-1472.88057 

1102.83747 

0 

7.291273 

MASS 

0.00901 

-0.00672 

0 

-0.000045 

LAMB 

1.04155(17) 

-0.89182(17) 

-0.152461 (26) 

0.014006(11) 

TOTAL 

-1471.83000(17) 

1101.93894(17) 

-0.152461 (26) 

7.305233(11) 

CO 

, i? = 4.2430 (21) fm. M/m = 162026.613 (6) 



DIRAC 

-1553.11268 

1162.80645 

0 

8.111592 

MASS 

0.00939 

-0.00699 

0 

-0.000050 

LAMB 

1.13622(20) 

-0.97230 (20) 

-0.166722 (30) 

0.015444 (13) 

TOTAL 

-1551.96707(20) 

1161.82716 (20) 

-0.166722 (30) 

8.126986(13) 

Z = 40, 

®°Zr, R = 4.2694 (10) fm. M/m = 163846.430 (5) 



DIRAC 

-1635.61499 

1224.46074 

0 

9.001208 

MASS 

0.00977 

-0.00727 

0 

-0.000054 

LAMB 

1.23697(23) 

-1.05787(23) 

-0.181938 (34) 

0.016982(15) 

TOTAL 

-1634.36825(23) 

1223.39560 (23) 

-0.181938 (34) 

9.018135(15) 

Z = 41, 

®®Nb, R = 4.3240 (17) fm. M/m = 169317.161 (5) 



DIRAC 

-1720.40317 

1287.81107 

0 

9.964239 

MASS 

0.00993 

-0.00739 

0 

-0.000058 
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LAMB 

1.34448 (26) 

-1.14910 (26) 

-0.198209 (40) 

0.018621 (18) 

TOTAL 

-1719.04876 (26) 

1286.65457(26) 

-0.198209 (40) 

9.982801 (18) 

^ = 42, 

'^®Mo, R = 4.4091 (18) fm, M/m 

. = 178428.851 (4) 



DIRAC 

-1807.49348 

1352.86856 

0 

11.004969 

MASS 

0.00989 

-0.00735 

0 

-0.000061 

LAMB 

1.45928 (30) 

-1.24646 (30) 

-0.215615 (46) 

0.020363 (20) 

TOTAL 

-1806.02431 (30) 

1351.61475 (30) 

-0.215615 (46) 

11.025271 (20) 

^ = 43, 

'^®Tc, R = 4.424 (44) fm, M/m = 

= 178431.158 (7) 



DIRAC 

-1896.9028 

1419.6448 

0 

12.127852 

MASS 

0.0104 

-0.0077 

0 

-0.000067 

LAMB 

1.5795 (12) 

-1.3482(12) 

-0.23391 (16) 

0.022216 (24) 

TOTAL 

-1895.3130 (12) 

1418.2888(12) 

-0.23391 (16) 

12.150001 (24) 

II 

“^Ru, R = 4.4809 (18) fm, M/m = 185716.497 (5) 



DIRAC 

-1988.64859 

1488.15161 

0 

13.337517 

MASS 

0.01042 

-0.00775 

0 

-0.000071 

LAMB 

1.70781 (39) 

-1.45688 (39) 

-0.253479 (60) 

0.024177 (27) 

TOTAL 

-1986.93036 (39) 

1486.68699 (39) 

-0.253479 (60) 

13.361623 (27) 

II 

“®Rh, R = 4.4945 (23) fm, M/m = 187540.502 (7) 



DIRAC 

-2082.74901 

1558.40152 

0 

14.638773 

MASS 

0.01080 

-0.00802 

0 

-0.000077 

LAMB 

1.84231 (45) 

-1.57058 (46) 

-0.274060 (69) 

0.026253 (31) 

TOTAL 

-2080.89590 (45) 

1556.82292 (46) 

-0.274060 (69) 

14.664949 (31) 

II 

i°®Pd, R = 4.5318 (29) fm. M/m 

i = 193004.504 (6) 



DIRAC 

-2179.22283 

1630.40732 

0 

16.036621 

MASS 

0.01096 

-0.00814 

0 

-0.000082 

LAMB 

1.98524 (52) 

-1.69131 (52) 

-0.295969 (79) 

0.028441 (35) 

TOTAL 

-2177.22663 (52) 

1628.70787(52) 

-0.295969 (79) 

16.064980 (35) 

II 

“■^Ag, R = 4.5454 (31) fm, M/m = 194829.343 (7) 



DIRAC 

-2278.08953 

1704.18231 

0 

17.536254 

MASS 

0.01134 

-0.00841 

0 

-0.000089 

LAMB 

2.13530 (59) 

-1.81793 (59) 

-0.319042 (90) 

0.030746 (40) 

TOTAL 

-2275.94289 (59) 

1702.35596 (59) 

-0.319042 (90) 

17.566911 (40) 

CC 

II 

“^Cd, R = 4.5944 (24) fm, M/m = 203938.556 (6) 



DIRAC 

-2379.36928 

1779.74026 

0 

19.143071 

MASS 

0.01130 

-0.00838 

0 

-0.000092 

LAMB 

2.29519 (65) 

-1.95273 (66) 

-0.34366(10) 

0.033161 (45) 

TOTAL 

-2377.06279 (65) 

1777.77915 (66) 

-0.34366(10) 

19.176140 (45) 

^ = 49, 

“®In, R = 4.6156 (26) fm. M/m 

= 209408.270 (6) 



DIRAC 

-2483.08298 

1857.09546 

0 

20.862677 

MASS 

0.01147 

-0.00850 

0 

-0.000098 

LAMB 

2.46252 (75) 

-2.09364(75) 

-0.36950(12) 

0.035697(51) 

TOTAL 

-2480.60899 (75) 

1854.99332 (75) 

-0.36950(12) 

20.898276 (51) 

o' 

II 

^^°Sn, R = 4.6519 (21) fm. M/m 

i = 218518.671 (7) 



DIRAC 

-2589.25230 

1936.26269 

0 

22.700898 

MASS 

0.01144 

-0.00848 

0 

-0.000102 

LAMB 

2.63976 (83) 

-2.24275 (84) 

-0.39691 (13) 

0.038345 (58) 

TOTAL 

-2586.60110 (83) 

1934.01146 (84) 

-0.39691 (13) 

22.739142 (58) 

^ = 51, 

i^^Sb, R = 4.6802 (26) fm. M/m 

i = 220343.511 (9) 



DIRAC 

-2697.89966 

2017.25725 

0 

24.663788 

MASS 

0.01180 

-0.00874 

0 

-0.000110 

LAMB 

2.82613 (94) 

-2.39939 (95) 

-0.42581 (15) 

0.041108 (65) 

TOTAL 

-2695.06172 (94) 

2014.84912 (95) 

-0.42581 (15) 

24.704786 (65) 

^ = 52, 

i®°Te, R = 4.7423 (25) fm, M/m 

, = 236752.919 (7) 



DIRAC 

-2809.0483 

2100.0950 

0 

26.757634 

MASS 

0.0114 

-0.0085 

0 

-0.000111 
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LAMB 

3.0248(11) 

-2.5662(11) 

-0.45664 (16) 

0.043975 (73) 

TOTAL 

-2806.0121 (11) 

2097.5203(11) 

-0.45664 (16) 

26.801497(73) 

^ = 53, 

i^’^I, R = 4.7500 (81) fm, M/m 

= 231280.08 (1) 



DIRAC 

-2922.7223 

2184.7924 

0 

28.988969 

MASS 

0.0121 

-0.0090 

0 

-0.000123 

LAMB 

3.2302 (13) 

-2.7385(14) 

-0.48865 (20) 

0.046965 (82) 

TOTAL 

-2919.4800 (13) 

2182.0449(14) 

-0.48865 (20) 

29.035811 (82) 

II 

R = 4.7859 (48) fm, M/m = 240392.961 (8) 



DIRAC 

-3038.9467 

2271.3664 

0 

31.364584 

MASS 

0.0121 

-0.0090 

0 

-0.000128 

LAMB 

3.4486 (14) 

-2.9214(14) 

-0.52272 (21) 

0.050053 (92) 

TOTAL 

-3035.4860 (14) 

2268.4360 (14) 

-0.52272 (21) 

31.414509 (92) 

II 

^®®Cs, R = 4.8041 (46) fm. M/m = 242217.232 (8) 



DIRAC 

-3157.7472 

2359.8346 

0 

33.89153 

MASS 

0.0125 

-0.0092 

0 

-0.00014 

LAMB 

3.6769 (15) 

-3.1124(15) 

-0.55842 (24) 

0.05325 (10) 

TOTAL 

-3154.0579 (15) 

2356.7129(15) 

-0.55842 (24) 

33.94465 (10) 

II 

i®®Ba, R = 4.8378 (46) fm. M/m = 251330.319 (9) 



DIRAC 

-3279.1507 

2450.2153 

0 

36.57715 

MASS 

0.0125 

-0.0092 

0 

-0.00014 

LAMB 

3.9186(17) 

-3.3145(17) 

-0.59628 (27) 

0.05653 (11) 

TOTAL 

-3275.2196 (17) 

2446.8916 (17) 

-0.59628 (27) 

36.63354(11) 

^ = 57, 

i®®La, R = 4.8550 (49) fm. M/m = 253154.25 (1) 



DIRAC 

-3403.1849 

2542.5274 

0 

39.42906 

MASS 

0.0128 

-0.0095 

0 

-0.00015 

LAMB 

4.1711 (19) 

-3.5253(19) 

-0.63593 (30) 

0.05991 (13) 

TOTAL 

-3399.0010 (19) 

2538.9926 (19) 

-0.63593 (30) 

39.48882 (13) 

CC 

II 

^'‘°Ce, R = 4.8771 (18) fm. M/m = 254974.49 (1) 



DIRAC 

-3529.8785 

2636.7905 

0 

42.45518 

MASS 

0.0132 

-0.0097 

0 

-0.00016 

LAMB 

4.4372 (20) 

-3.7473 (20) 

-0.67780 (32) 

0.06337(14) 

TOTAL 

-3525.4281 (20) 

2633.0335 (20) 

-0.67780 (32) 

42.51839 (14) 

^ = 59, 

R = 4.8919 (50) fm. M/m 

= 256800.44 (1) 



DIRAC 

-3659.2615 

2733.0249 

0 

45.66376 

MASS 

0.0136 

-0.0100 

0 

-0.00017 

LAMB 

4.7160 (24) 

-3.9796 (24) 

-0.72176 (37) 

0.06690 (16) 

TOTAL 

-3654.5319 (24) 

2729.0353 (24) 

-0.72176 (37) 

45.73049 (16) 

^ = 60, 

R = 4.9123 (25) fm, M/m = 258622.48 (1) 



DIRAC 

-3791.3647 

2831.2515 

0 

49.06336 

MASS 

0.0139 

-0.0103 

0 

-0.00018 

LAMB 

5.0103 (25) 

-4.2244 (25) 

-0.76822 (39) 

0.07049 (15) 

TOTAL 

-3786.3405 (25) 

2827.0168 (25) 

-0.76822 (39) 

49.13367(15) 

^ = 61, 

R = 4.962 (50) fm, M/m 

= 264099.33 (1) 



DIRAC 

-3926.2201 

2931.4923 

0 

52.66290 

MASS 

0.0141 

-0.0104 

0 

-0.00019 

LAMB 

5.3247 (97) 

-4.4858 (98) 

-0.8179(15) 

0.07409 (18) 

TOTAL 

-3920.8814 (97) 

2926.9961 (98) 

-0.8179(15) 

52.73680 (18) 

^ = 62, 

i^^Sm, R = 5.0819 (60) fm, M/m = 276871.30 (1) 



DIRAC 

-4063.8611 

3033.7697 

0 

56.47166 

MASS 

0.0139 

-0.0102 

0 

-0.00020 

LAMB 

5.6709 (33) 

-4.7736 (33) 

-0.87244 (51) 

0.07760 (19) 

TOTAL 

-4058.1763 (33) 

3028.9859 (33) 

-0.87244 (51) 

56.54906 (19) 

^ = 63, 

R = 5.1115 (62) fm. M/m = 278695.94 (1) 



DIRAC 

-4204.3220 

3138.1073 

0 

60.49928 

MASS 

0.0142 

-0.0105 

0 

-0.00021 
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LAMB 

6.0181(36) 

-5.0615 (37) 

-0.92750 (57) 

0.08123(21) 

TOTAL 

-4198.2897(36) 

3133.0353 (37) 

-0.92750 (57) 

60.58030 (21) 

II 

R = 5.1569 (43) fm, M/m = 287814.65 (1) 



DIRAC 

-4347.6388 

3244.5294 

0 

64.75582 

MASS 

0.0142 

-0.0105 

0 

-0.00022 

LAMB 

6.3879 (38) 

-5.3679 (38) 

-0.98620 (60) 

0.08480 (23) 

TOTAL 

-4341.2367 (38) 

3239.1510 (38) 

-0.98620 (60) 

64.84040 (23) 

^ = 65, 

R = 5.06 (15) fm. M/m = 

= 289638.82 (1) 



DIRAC 

-4493.848 

3353.061 

0 

69.25173 

MASS 

0.015 

-0.011 

0 

-0.00023 

LAMB 

6.739 (42) 

-5.657(43) 

-1.0425 (65) 

0.08862 (40) 

TOTAL 

-4487.095 (42) 

3347.393 (43) 

-1.0425 (65) 

69.34012 (40) 

^ = 66, 

“^Dy, R = 5.207 (17) fm. M/m 

= 295109.16 (1) 



DIRAC 

-4642.9895 

3463.7286 

0 

73.99792 

MASS 

0.0148 

-0.0108 

0 

-0.00024 

LAMB 

7.1784 (70) 

-6.0214(71) 

-1.1122 (11) 

0.09184 (28) 

TOTAL 

-4635.7964 (70) 

3457.6964(71) 

-1.1122 (11) 

74.08952 (28) 

II 

R = 5.202 (31) fm. M/m 

= 300583.27 (1) 



DIRAC 

-4795.102 

3576.559 

0 

79.00575 

MASS 

0.015 

-0.011 

0 

-0.00025 

LAMB 

7.596(12) 

-6.366(12) 

-1.1790(19) 

0.09530 (31) 

TOTAL 

-4787.491 (12) 

3570.182(12) 

-1.1790(19) 

79.10079 (31) 

^ = 68, 

i®®Er, R = 5.2516 (31) fm. M/m 

i = 302405.13 (1) 



DIRAC 

-4950.2279 

3691.5808 

0 

84.28704 

MASS 

0.0153 

-0.0112 

0 

-0.00027 

LAMB 

8.0555 (55) 

-6.7446 (56) 

-1.25247(89) 

0.09845 (33) 

TOTAL 

-4942.1571 (55) 

3684.8250 (56) 

-1.25247(89) 

84.38523 (33) 

^ = 69, 

“'^Tm, R = 5.2256 (35) fm, M/m = 307879.96 (2) 



DIRAC 

-5108.4099 

3808.8230 

0 

89.85415 

MASS 

0.0155 

-0.0113 

0 

-0.00028 

LAMB 

8.5108 (61) 

-7.1189 (62) 

-1.32575 (99) 

0.10167 (36) 

TOTAL 

-5099.8835 (61) 

3801.6928 (62) 

-1.32575 (99) 

89.95554 (36) 

^ = 70, 

R = 5.3108 (60) fm, M/m = 317001.91 (2) 



DIRAC 

-5269.6931 

3928.3161 

0 

95.71994 

MASS 

0.0155 

-0.0113 

0 

-0.00029 

LAMB 

9.0396 (70) 

-7.5540(71) 

-1.4104(11) 

0.10423 (23) 

TOTAL 

-5260.6381 (70) 

3920.7509(71) 

-1.4104(11) 

95.82387 (23) 

^ = 71, 

i^®Lu, R = 5.370 (30) fm. M/m 

= 318827.30 (2) 



DIRAC 

-5434.124 

4050.092 

0 

101.89784 

MASS 

0.016 

-0.012 

0 

-0.00031 

LAMB 

9.590(17) 

-8.006(17) 

-1.4987(28) 

0.10653 (29) 

TOTAL 

-5424.519(17) 

4042.075(17) 

-1.4987(28) 

102.00406 (29) 

to 

i®°Hf, R = 5.3470 (32) fm. M/m = 327951.31 (2) 



DIRAC 

-5601.7519 

4174.1830 

0 

108.40188 

MASS 

0.0158 

-0.0115 

0 

-0.00032 

LAMB 

10.1282 (81) 

-8.4466 (82) 

-1.5859(13) 

0.10888 (28) 

TOTAL 

-5591.6079 (81) 

4165.7248 (82) 

-1.5859(13) 

108.51044 (28) 

^ = 73, 

i®iTa, R = 5.3507 (34) fm. M/m 

^ = 329775.85 (2) 



DIRAC 

-5772.6266 

4300.6238 

0 

115.24671 

MASS 

0.0162 

-0.0118 

0 

-0.00034 

LAMB 

10.7114 (89) 

-8.9237(90) 

-1.6803(14) 

0.11068 (30) 

TOTAL 

-5761.8991 (89) 

4291.6883 (90) 

-1.6803(14) 

115.35705 (30) 

^ = 74, 

, R = 5.3658 (23) fm, M/m = 335248.89 (2) 



DIRAC 

-5946.8011 

4429.4500 

0 

122.44762 

MASS 

0.0163 

-0.0119 

0 

-0.00035 
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LAMB 

11.3353 (96) 

-9.4335 (97) 

-1.7814(16) 

0.11191(33) 

TOTAL 

-5935.4495 (96) 

4420.0046 (97) 

-1.7814(16) 

122.55918 (33) 

^ = 75, 

i®'^Re, R = 5.370 (17) fm. M/m 

= 340725.37 (2) 



DIRAC 

-6124.330 

4560.699 

0 

130.02062 

MASS 

0.017 

-0.012 

0 

-0.00037 

LAMB 

11.988(17) 

-9.966(17) 

-1.8875 (27) 

0.11262 (39) 

TOTAL 

-6112.325(17) 

4550.721 (17) 

-1.8875 (27) 

130.13287 (39) 

^ = 76, 

^®^Os, R = 5.4126 (15) fm. M/m = 349849.28 (2) 



DIRAC 

-6305.271 

4694.408 

0 

137.98243 

MASS 

0.017 

-0.012 

0 

-0.00038 

LAMB 

12.711(11) 

-10.555(12) 

-2.0049 (19) 

0.11228 (40) 

TOTAL 

-6292.544(11) 

4683.841 (12) 

-2.0049 (19) 

138.09433 (40) 

^ = 77, 

^®®Ir, R = 5.40 (11) fm. M/m = 

351673.84 (2) 



DIRAC 

-6489.683 

4830.619 

0 

146.3506 

MASS 

0.017 

-0.012 

0 

-0.0004 

LAMB 

13.434(96) 

-11.143 (98) 

-2.123(16) 

0.1116(12) 

TOTAL 

-6476.232 (96) 

4819.464(98) 

-2.123(16) 

146.4618(12) 

^ = 78, 

i®®Pt, R = 5.4307 (27) fm. M/m 

= 357145.24 (2) 



DIRAC 

-6677.629 

4969.373 

0 

155.14333 

MASS 

0.017 

-0.012 

0 

-0.00042 

LAMB 

14.237(13) 

-11.795(14) 

-2.2544 (23) 

0.10954 (48) 

TOTAL 

-6663.375 (13) 

4957.565(14) 

-2.2544 (23) 

155.25246 (48) 

11 

i®'^Au, R = 5.4371 (38) fm, M/m = 358970.10 (2) 



DIRAC 

-6869.174 

5110.714 

0 

164.37996 

MASS 

0.017 

-0.013 

0 

-0.00044 

LAMB 

15.068(15) 

-12.468(16) 

-2.3907(26) 

0.10666 (52) 

TOTAL 

-6854.088 (15) 

5098.234(16) 

-2.3907(26) 

164.48618 (52) 

o' 

00 

II 

R = 5.4648 (33) fm, M/m = 368091.01 (2) 



DIRAC 

-7064.384 

5254.689 

0 

174.08058 

MASS 

0.017 

-0.013 

0 

-0.00045 

LAMB 

15.979(16) 

-13.207(16) 

-2.5404 (28) 

0.10210 (57) 

TOTAL 

-7048.387(16) 

5241.469(16) 

-2.5404 (28) 

174.18223 (57) 

^ = 81, 

®°®T1, R = 5.4759 (26) fm. M/m 

, = 373565.60 (2) 



DIRAC 

-7263.332 

5401.343 

0 

184.26629 

MASS 

0.018 

-0.013 

0 

-0.00047 

LAMB 

16.927(18) 

-13.972(18) 

-2.6967(31) 

0.09636 (63) 

TOTAL 

-7246.387(18) 

5387.358(18) 

-2.6967(31) 

184.36218 (63) 

^ = 82, 

=o«Pb, R = 5.5012 (13) fm. M/m = 379037.36 (2) 



DIRAC 

-7466.091 

5550.729 

0 

194.95927 

MASS 

0.018 

-0.013 

0 

-0.00049 

LAMB 

17.963(19) 

-14.809(19) 

-2.8679 (32) 

0.08851 (68) 

TOTAL 

-7448.110(19) 

5535.907(19) 

-2.8679 (32) 

195.04730 (68) 

^ = 83, 

®°®Bi, R = 5.5211 (26) fm. M/m 

i = 380866.11 (2) 



DIRAC 

-7672.739 

5702.897 

0 

206.18279 

MASS 

0.018 

-0.013 

0 

-0.00051 

LAMB 

19.059 (22) 

-15.690 (22) 

-3.0494 (37) 

0.07882 (59) 

TOTAL 

-7653.663 (22) 

5687.193 (22) 

-3.0494 (37) 

206.26110 (59) 

^ = 84, 

®°®Po, R = 5.527 (18) fm. M/m 

= 380868.85 (2) 



DIRAC 

-7883.357 

5857.902 

0 

217.96132 

MASS 

0.019 

-0.013 

0 

-0.00054 

LAMB 

20.210 (38) 

-16.616 (39) 

-3.2411 (67) 

0.06712 (82) 

TOTAL 

-7863.128 (38) 

5841.273 (39) 

-3.2411 (67) 

218.02790 (82) 

^ = 85, 

®i°At, R = 5.539 (55) fm. M/m 

= 382699.37 (3) 



DIRAC 

-8098.03 

6015.80 

0 

230.3206 

MASS 

0.02 

-0.01 

0 

-0.0006 
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LAMB 

21.45(11) 

-17.61(11) 

-3.449 (19) 

0.0526(19) 

TOTAL 

-8076.56(11) 

5998.18(11) 

-3.449(19) 

230.3727(19) 

00 

222Rn, R = 5.691 (20) fm. M/m 

= 404628.54 (3) 



DIRAC 

-8316.849 

6176.658 

0 

243.2877 

MASS 

0.018 

-0.013 

0 

-0.0006 

LAMB 

23.078 (51) 

-18.919 (52) 

-3.7189 (92) 

0.0300(11) 

TOTAL 

-8293.753 (51) 

6157.726 (52) 

-3.7189 (92) 

243.3172(11) 

00 

II 

R = 5.695 (18) fm, M/m ■- 

= 406454.40 (3) 



DIRAC 

-8539.905 

6340.531 

0 

256.8912 

MASS 

0.019 

-0.013 

0 

-0.0006 

LAMB 

24.520 (51) 

-20.071 (52) 

-3.9613(92) 

0.0087(12) 

TOTAL 

-8515.367(51) 

6320.447(52) 

-3.9613(92) 

256.8993 (12) 

oo" 

00 

II 

^^®Ra, R = 5.721 (29) fm. M/m 

= 411932.45 (3) 



DIRAC 

-8767.298 

6507.488 

0 

271.1612 

MASS 

0.019 

-0.013 

0 

-0.0006 

LAMB 

26.124(80) 

-21.352 (82) 

-4.232 (15) 

-0.0177(17) 

TOTAL 

-8741.155 (80) 

6486.123 (82) 

-4.232 (15) 

271.1428(17) 

^ = 89, 

^^■^Ac, R = 5.670 (57) fm. M/m 

= 413758.65 (3) 



DIRAC 

-8999.13 

6677.60 

0 

286.1294 

MASS 

0.02 

-0.01 

0 

-0.0007 

LAMB 

27.65(16) 

-22.56(16) 

-4.491 (30) 

-0.0448 (33) 

TOTAL 

-8971.47(16) 

6655.03(16) 

-4.491 (30) 

286.0839 (33) 

^ = 90, 

^®^Th, R = 5.785 (12) fm. M/m 

= 422890.91 (3) 



DIRAC 

-9235.515 

6850.937 

0 

301.8294 

MASS 

0.019 

-0.014 

0 

-0.0007 

LAMB 

29.771 (54) 

-24.252 (55) 

-4.850 (10) 

-0.0868 (14) 

TOTAL 

-9205.725 (54) 

6826.671 (55) 

-4.850(10) 

301.7420(14) 

^ = 91, 

R = 5.700 (57) fm, M/m 

= 421063.10 (3) 



DIRAC 

-9476.56 

7027.58 

0 

318.2967 

MASS 

0.02 

-0.01 

0 

-0.0007 

LAMB 

31.44(19) 

-25.57(20) 

-5.136 (37) 

-0.1224 (43) 

TOTAL 

-9445.10(19) 

7002.00 (20) 

-5.136(37) 

318.1737(43) 

Z = 92, 

, R = 5.8571 (33) fm. M/m 

^ = 433849.53 (3) 



DIRAC 

-9722.396 

7207.604 

0 

335.5689 

MASS 

0.020 

-0.014 

0 

-0.0007 

LAMB 

34.072 (39) 

-27.659 (39) 

-5.5849 (71) 

-0.1826(14) 

TOTAL 

-9688.305 (39) 

7179.931 (39) 

-5.5849(71) 

335.3855 (14) 

Z = 93, 

^^'^Np, R = 5.744 (57) fm. M/m 

= 432020.92 (3) 



DIRAC 

-9973.14 

7391.10 

0 

353.6857 

MASS 

0.02 

-0.01 

0 

-0.0008 

LAMB 

35.94(24) 

-29.12 (24) 

-5.909 (46) 

-0.2299 (56) 

TOTAL 

-9937.18 (24) 

7361.96 (24) 

-5.909 (46) 

353.4550 (56) 

II 

R = 5.895 (38) fm. M/m 

= 444809.41 (3) 



DIRAC 

-10228.94 

7578.16 

0 

372.6893 

MASS 

0.02 

-0.01 

0 

-0.0008 

LAMB 

39.05(18) 

-31.58(18) 

-6.443 (35) 

-0.3112 (45) 

TOTAL 

-10189.87(18) 

7546.57(18) 

-6.443 (35) 

372.3774(45) 

II 

Am, R = 5.9048 (35) fm. M/m = 442980.42 (3) 



DIRAC 

-10489.925 

7768.874 

0 

392.6247 

MASS 

0.020 

-0.014 

0 

-0.0008 

LAMB 

41.818 (65) 

-33.753 (66) 

-6.924(13) 

-0.3904(21) 

TOTAL 

-10448.087(65) 

7735.106 (66) 

-6.924(13) 

392.2334(21) 

Z = 96, 

^'‘^Cm, R = 5.856 (18) fm, M/m 

; = 448458.78 (3) 



DIRAC 

-10756.26 

7963.35 

0 

413.5394 

MASS 

0.02 

-0.01 

0 

-0.0009 
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LAMB 

44.54(12) 

-35.87(12) 

-7.399 (23) 

-0.4745 (35) 

TOTAL 

-10711.70(12) 

7927.46(12) 

-7.399 (23) 

413.0641 (35) 

Z = 97, R = 5.815 (58) fm, M/m 

1 = 450286.33 (4) 



DIRAC 

-11028.09 

8161.69 

0 

435.4843 

MASS 

0.02 

-0.01 

0 

-0.0009 

LAMB 

47.51 (35) 

-38.19(35) 

-7.920(70) 

-0.5721 (96) 

TOTAL 

-10980.56 (35) 

8123.49(35) 

-7.920(70) 

434.9113 (96) 

Z = 98, ^“Cf, R = 5.850 (58) fm. M/m 

= 459420.45 (4) 



DIRAC 

-11305.60 

8364.01 

0 

458.513 

MASS 

0.02 

-0.01 

0 

-0.001 

LAMB 

51.20(38) 

-41.07(39) 

-8.570(78) 

-0.698(11) 

TOTAL 

-11254.38 (38) 

8322.92(39) 

-8.570(78) 

457.814(11) 

Z = 99, R = 5.850 (58) fm. M/m 

= 459422.0 (1) 



DIRAC 

-11588.97 

8570.43 

0 

482.685 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

55.02 (42) 

-44.03 (43) 

-9.244(87) 

-0.838(13) 

TOTAL 

-11533.93(42) 

8526.38(43) 

-9.244(87) 

481.846(13) 

Z = 100, 

2®3Fm, R = 5.857 (59) fm, M/' 

m = 461247.92 (4) 



DIRAC 

-11878.39 

8781.08 

0 

508.060 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

59.26 (46) 

-47.31 (47) 

-9.996 (96) 

-1.001(14) 

TOTAL 

-11819.11 (46) 

8733.76(47) 

-9.996 (96) 

507.058(14) 

Z = 101, 

2®®Md, R = 5.892 (59) fm, M/ 

m = 470385.56 (4) 



DIRAC 

-12174.07 

8996.10 

0 

534.705 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

64.14(51) 

-51.08(52) 

-10.86(11) 

-1.198(17) 

TOTAL 

-12109.91(51) 

8945.01(52) 

-10.86(11) 

533.506(17) 

Z = 102, 

2®®No, R = 5.899 (59) fm, M/m = 472212.2 (2) 



DIRAC 

-12476.23 

9215.63 

0 

562.692 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

69.28 (56) 

-55.03(57) 

-11.78(12) 

-1.419(19) 

TOTAL 

-12406.93 (56) 

9160.59(57) 

-11.78(12) 

561.272(19) 

Z = 103, 

^®^Lr, R = 5.919 (59) fm. M/m = 477695.6 (4) 



DIRAC 

-12785.10 

9439.84 

0 

592.096 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

75.07(62) 

-59.47(63) 

-12.82(13) 

-1.680(22) 

TOTAL 

-12710.01 (62) 

9380.36(63) 

-12.82(13) 

590.414 (22) 

Z = 104, 

2®iRf, R = 5.913 (59) fm. M/m = 475870.2 (1) 



DIRAC 

-13100.95 

9668.90 

0 

623.000 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

81.18 (68) 

-64.14(69) 

-13.92(15) 

-1.974(25) 

TOTAL 

-13019.74(68) 

9604.74(69) 

-13.92(15) 

621.024 (25) 

Z = 105, 

2®2Db, R = 5.919 (59) fm, M/m = 477701.8 (3) 



DIRAC 

-13424.04 

9902.98 

0 

655.492 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

88.08 (75) 

-69.39(76) 

-15.17(16) 

-2.321 (29) 

TOTAL 

-13335.93 (75) 

9833.57(76) 

-15.17(16) 

653.170 (29) 

Z = 106, 

2®®Sg, R = 5.947 (59) fm. M/m = 485006.9 (5) 



DIRAC 

-13754.67 

10142.28 

0 

689.669 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

96.00 (82) 

-75.41 (84) 

-16.60(18) 

-2.737(33) 

TOTAL 

-13658.64(82) 

10066.86(84) 

-16.60(18) 

686.931 (33) 

Z = 107, 

R = 5.933 (59) fm, M/m = 481364.9 (4) 



DIRAC 

-14093.16 

10387.01 

0 

725.634 

MASS 

0.02 

-0.02 

0 

-0.001 
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LAMB 

104.22 (90) 

-81.61(93) 

-18.10(20) 

-3.197(38) 

TOTAL 

-13988.91 (90) 

10305.38 (93) 

-18.10(20) 

722.435 (38) 

^ = 108, 

2e®Hs, R = 5.967 (60) 

fm. M/m = 490495.1 (3) 



DIRAC 

-14439.9 

10637.40 

0 

763.501 

MASS 

O.a; 

-0.02 

0 

-0.001 

LAMB 

114.1 (10) 

-89.05(102) 

-19.90 (23) 

-3.768 (44) 

TOTAL 

-14325.7(10) 

10548.34(102) 

-19.90 (23) 

759.732 (44) 

^ = 109, 

2®®Mt, R = 5.960 (60) 

fm, M/m = 488680.2 (5) 



DIRAC 

-14795.12 

10893.71 

0 

803.393 

MASS 

0.02 

-0.02 

0 

-0.001 

LAMB 

124.40(110) 

-96.78(113) 

-21.78 (25) 

-4.405 (50) 

TOTAL 

-14670.69(110) 

10796.91 (113) 

-21.78(25) 

798.986 (50) 

^ = 110, 

R = 5.993 (60) 

fm. M/m = 497811.8 (3) 



DIRAC 

-15159.38 

11156.19 

0 

845.444 

MASS 

0.02 

-0.02 

0 

-0.002 

LAMB 

136.66(121) 

-105.96(125) 

-24.02 (29) 

-5.187(58) 

TOTAL 

-15022.70(121) 

11050.22(125) 

-24.02 (29) 

840.255 (58) 
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TABLE IV: Comparison with the previous compilation hy Johnson and Soff (a for the individual contributions to the Lamb shift, in terms of 
F{Za). “TW” denotes the results of the this work, “J&S” denotes the results of Ref. Labelling of individual contributions is as in Ref. f?!] . 



Is 


2s 


2pi/2 


‘2p3/2 

TW 

J&S 

TW 

J&S 

TW 

J&S 

TW 

J&S 


Z = 5 


SELF 

6.251627 

6.2516(10) 

6.484 860 

6.4841 (10) 

-0.122 775 

-0.122 6(2) 

0.125 623 

0.125 6(2) 

S-FS 

-0.000 010 


-0.000 010 


0. 


0. 


UEHL 

-0.256 677 

-0.256 7 

-0.256 922 

-0.256 9 

-0.000 084 

-0.000 1 

-0.000 018 

0. 

U-FS 

0.000 003 


0.000 003 


0. 


0. 


W.K. 

0.000 070 

0.000 1 

0.000 070 

0.000 1 

0. 

0. 

0. 

0. 

H.O. 

-0.000 231 (32) 

0.0013(3) 

-0.000 196 (32) 

0.0013(3) 

0.000 264 (4) 

0.000 3(1) 

-0.000118(3) 

-0.000 1 

FS 

0.01127(28) 

0.0112(7) 

0.01128(28) 

0.0112(7) 

0.000 003 

0. 

0. 

0. 

R.R. 

0.001067(1) 

0.0011 (3) 

0.001 248 (1) 

0.0013(3) 

-0.000 067 

-0.000 1 

-0.000 068 

-0.000 1 

R-RM 

-0.000 832 

-0.000 8(2) 

-0.000 867 

-0.000 8(2) 

0.000 010 

0. 

-0.000 015 

0. 

NUCL 

-0.000 010(11) 


-0.000 010(11) 


0. 


0. 


LAMB 

6.006 28 (28) 

6.007 7(13) 

6.239 46(28) 

6.240 2(13) 

-0.122 649 (4) 

-0.122 5(2) 

0.125 405 (3) 

0.125 4(2) 

Z = 50 

SELF 

1.864 274 

1.864 4(8) 

2.224 338(1) 

2.224 4(2) 

0.008 012 

0.008 2(3) 

0.200 054 

0.199 9(4) 

S-FS 

-0.000 960(1) 

-0.0015(8) 

-0.001 074(2) 

-0.0017(12) 

-0.000 011 

0. 

-0.000 003 

0. 

UEHL 

-0.251 334 

-0.2513 

-0.276 418 

-0.276 4 

-0.011150 

-0.0112 

-0.001 349 

-0.0013 

U-FS 

0.000 674(1) 

0.000 7(1) 

0.000 756(1) 

0.000 8(1) 

0.000 017 

0.000 0(1) 

0. 

0. 

W.K. 

0.005 091 

0.005 0(2) 

0.005 452 

0.005 4(3) 

0.000 325 

0.000 3 

0.000 087 

0.000 1 

H.O. 

-0.003 96(51) 

0.0013(13) 

-0.004 40(62) 

0.0013(13) 

0.000 40(17) 

0.000 3 (3) 

0.000 08(25) 

-0.0001(1) 

FS 

0.092 96(14) 

0.093 2 

0.104 70(16) 

0.105 0 

0.002 836 (4) 

0.002 8 

0. 

0. 

R.R. 

0.000 656(1) 

0.000 6(6) 

0.000 909(1) 

0.000 8(8) 

0.000 045 (2) 

-0.0001(1) 

0.000 001 

-0.0001(1) 

R-RM 

-0.000 017 


-0.000 021 


0. 


-0.000 002 


NUCL 

-0.000 092 (93) 


-0.000 10(10) 


-0.000 003 (3) 


0. 


LAMB 

1.707 29(54) 

1.712 4(18) 

2.054 14(65) 

2.059 4(19) 

0.000 47(17) 

0.000 4 (4) 

0.198 87(25) 

0.198 4(4) 

Z = 92 

SELF 

1.490 916 

1.4914(7) 

2.199 494 

2.2019(3) 

0.319 341 

0.319 7(4) 

0.295 380 

0.295 3(4) 

S-FS 

-0.018 41 (2) 

-0.026 6(15) 

-0.028 97(3) 

-0.039 3(32) 

-0.002 472 (3) 

-0.005 7(1) 

-0.000 337(1) 

0. 

UEHL 

-0.406 406 

-0.406 4 

-0.574 274 

-0.574 3 

-0.099 377 

-0.099 4 

-0.004198 

-0.004 2 

U-FS 

0.018 22 (2) 

0.0179(3) 

0.028 04(3) 

0.027 6(5) 

0.002 969 (3) 

0.002 9(1) 

-0.000 002 

0. 

W.K. 

0.020 685 (1) 

0.019 4(37) 

0.027 260 (2) 

0.025 7(49) 

0.006 825 

0.006 3(12) 

0.000 749 

0.000 7(1) 

H.O. 

-0.005 7(20) 

0.0013(13) 

-0.008 1 (29) 

0.0013(13) 

-0.00013(58) 

0.000 3 (3) 

-0.000 46(11) 

-0.0001(1) 

FS 

0.823 26(79) 

0.803 7(104) 

1.2511 (11) 

1.2215(157) 

0.146 30(13) 

0.142 8(18) 

0.000 001 

0. 

R.R. 

0.000 826(39) 

0.000 5(5) 

0.001 417(62) 

0.000 7(7) 

0.000 325 (60) 

-0.0001(1) 

0.000 047 

-0.0001(1) 

R-RM 

-0.000 006 


-0.000 013 


-0.000 002 


-0.000 001 


NUCL 

-0.000 85 (43) 


-0.001 30 (65) 


-0.000 146 (73) 


0. 


LAMB 

1.922 5(22) 

1.9012(112) 

2.894 7(31) 

2.865 1 (169) 

0.373 63 (60) 

0.366 8(22) 

0.29118(11) 

0.2916(4) 
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TABLE V: Comparison of theory and experiment for H-like ions, in eV. 1 Ry = 13.605 692 53 (30) eV. Dlm = E'l + Em is the sum of the 
Lamb shift and the leading recoil correction, as defined by Eq. l l36b . 


z 

Element 


Theory 

Experiment 

Result Year 

Ref. 

2 

"He 

2 pi /2 - 2s 

0.000 058 070 8(1) 

0.000 058 069 4(7) 

2000 

[9^ 

3 

®Li 

2 pi /2 - 2s 

0.000 259 45(1) 

0.000 259 58(9) 

1975 

[9^ 

7 

14n 

2P3/2 ~ 2s 

0.103 516 8(1) 

0.103 53 (6) 

2004 

[9T| 





0.103 519(10) 

2001 

[9^ 

9 

19f 

2P3/2 “ 2s 

0.284 748 8(3) 

0.284 76(14) 

1975 

[9^ 

12 

2"Mg 

2 pi /2 - Is 

1471.690 66 (3) 

1471.622 (70) 

1998 




2P3/2 - Is 

1472.636 26 (3) 

1 472.671 (35) 

1998 

[9^ 

15 

31p 

2p3/2 - 2s 

2.231112 (2) 

2.231 33(12) 

1993 

\9£ 





2.2313(10) 

1982 


16 

32s 

i?LM(ls) 

0.82109 (2) 

0.817(20) 

2014 

m 



2P3/2 - Is 

2 622.699 61 (6) 

2 622.704 (20) 

2014 

[9^ 



2 pi /2 - 2s 

0.104 883 (3) 

0.104 49 (26) 

1993 

w 





0.103 97(99) 

1984 

LMl 



2p3/2 - 2s 

2.894 852 (3) 

2.895 26 (26) 

1986 

[9^ 

17 

35ci 

2 pi /2 - 2s 

0.129 57(1) 

0.128 99 (90) 

1982 




2P3/2 - Is 

2 962.353 31 (8) 

2 962.49(12) 

1985 

w 



2 pi /2 - Is 

2 958.526 15 (8) 

2 958.68(15) 

1985 

LMl 

18 

«Ar 

2 pi /2 - 2s 

0.158 051 (5) 

0.156 7(16) 

1982 

w 



7?lm(1s) 

1.200 67(4) 

1.201 (14) 

2014 

[90] 



2P3/2 - Is 

3 322.993 15 (4) 

3 322.993 (14) 

2014 

[9^ 





3 322.989(17) 

1985 

LMI 

22 

48x1 

7?lm(1s) 

2.3319(1) 

2.29(14) 

2002 


23 

Sty 

2P3/2 - Is 

5 443.630 7(1) 

5 443.95 (25) 

2010 

LMl 



2 pi /2 - Is 

5 430.704 0(1) 

5 431.10 (25) 

2010 

w 

26 

®®Fe 

i5LM(ls) — i5LM(2p3/2) 

4.004 4 (3) 

4.46 (22) 

2007 

LMl 



7?Lm(1s) — i5LM(2pi/2) 

4.048 6 (3) 

4.39 (24) 

2007 

w 



2P3/2 ~ 2pi/2 

21.214 26(2) 

21.215 (22) 

2007 

[Ml 



2P3/2 - Is 

6 973.1815(3) 

6 972.65 (75) 

1987 

Lii£] 



2P3/2 - Is 

6 951.967 3(3) 

6 951.19(74) 

1987 

[110] 

28 

58Ni 

l:l(1s) 

5.087 0(4) 

5.07(10) 

1991 

[91J 



2P3/2 - Is 

8101.749 4(4) 

8101.76(11) 

1991 

[91J 

32 

""Ge 

2P3/2 - Is 

10 624.533 8(9) 

10 624.24(16) 

2009 

[inj 



2 pi /2 - Is 

10 575.273 7(9) 

10 574.94(16) 

2009 

[HL] 



2P3/2 ~ 2pi/2 

49.260 04 (8) 

49.298 (71) 

2009 

[IIT] 

36 

«"Kr 

7?lm(1s) 

11.941 (2) 

11.95 (50) 

1985 

[112] 



2P3/2 - Is 

13 508.965 (2) 

13 508.95 (50) 

1985 

[112] 

54 

i32Xe 

i?LM(ls) 

47.09 (2) 

54.(10.) 

1989 

[IIT] 

79 

Au 

75lm(1s) 

205.2 (2) 

202. (8.) 

1995 

[114] 

92 

238^ 

i?LM(ls) 

463.8 (5) 

460.2 (4.6) 

2005 

[^ 







